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ABSTRACT
A study was made of the Phytophthora s e e d  p iece ro t of sugarcane  
in L ou is iana . The p rinc ipal c a u sa l  organism of th is  d i s e a s e  has b e e n  
known for many years a s  a " s te r i le "  Phytophthora i s o la te ,  due to the  
ab sen c e  of fruiting s tru c tu re s ,  w hile  a l e s s e r  pathogenic  iso la te  h ad  
been  iden tified  as P.. e ry th ro sep tica  Pethyb.
In the  p resen t s tu d y , it  w as found th a t  the " s te r i le "  iso la te  w il l  
produce fruiting s tru c tu re s ,  when the fungus is  grown on. s te r il ized  o a t  
g ra in s .  After these  g ra ins  were p laced  in tap  w ater, many sporangia 
and chlam ydospores w ere  a lso  observed . A complete descrip tion  of 
th is  iso la te  h a s  been g iven .
After comparative s tud ies  w ith  severa l type cu ltu res  of seem ingly  
re la te d  sp e c ie s  of Phytophthora, in resp ec t  to  morphology, growth -  
tem perature re la tions and pa thogen ic ity , the  principal c a u s a l  organism  
of sugarcane  seed  p iece  rot has been  id en tif ied  as JP. megasperma 
D rechs le r . The iso la te  was found to have an optimum growth tem pera­
ture of 20°-22°  C . ,  w ith a range from 6°-3  2° C .
In b a s ic  infec tion  s tu d ie s ,  i t  was found th a t  the in i t ia l  in fec tion  
of the  seed  p ieces  tak e s  p lace a t  the  root primordia and buds of each  
no de . After having been  p lanted  9 weeks in s te r i l iz e d ,  artif ic ia lly  
in fe s te d  so i l ,  the va rie ty  C .P .  36-13 show ed 67 .9  per c e n t  of the 
root primordia and 80 .0  per cen t of the buds in fec ted , th is  being
x
som ew hat l e s s  for the  v a rie ty  N .C o .  310. S ince i t  w as a lso  n o tic ed ,  
th a t  none of the s t i l l  h ea lthy  root primordia and buds of the  s e e d  
p ieces  p lan ted  in  in fe s te d  so i l  had  germ inated , i t  i s  su g g e s te d  th a t  
the  fungus may be producing a tox in , which in h ib its  the  germ ination 
p r o c e s s .
In order to study  the  ra te  of sp re ad  of Phytophthora in s id e  the  
c a n e ,  the  in te rnodes  of 2 -ey ed  se e d  p ie c e s  of the  v a r ie t ie s  C .P .  36-13 
and N .C o .  310 were in o cu la te d  with the  i s o la te .  It was o bserved  th a t  
the  fungus reach ed  the nodal reg ions 20 days a f te r  ino cu la tion , while 
a f te r  50 days the in ternode had  a lm ost en tire ly  d e te r io ra te d .
In a com parative  s u s c e p t ib i l i ty  experim ent, in  which the v a r ie ­
t ie s  P .O . J .  213, C o . 290 and C .P .  36-13  were t e s te d  in regard  to red  
rot and Phytophthora ro t, i t  w as found th a t  C .P .  36-13 was most s u s ­
cep t ib le  to Phytophthora ro t,  w hile  the  o ther  two v a r ie t ie s  were about 
equal in  th e ir  reac t io n  to the  d i s e a s e .
An e x te n s iv e  v a r ie ta l  f ie ld  t e s t  was ca rr ied  out during the w inter 
and spring se a s o n s  of 1957-1958 and 1958-1959, in  which many p a s t  
and  p re s e n t  com m ercial su g a rcan e  v a r ie t ie s  and some u n re le a se d  t e s t  
f ie ld  v a r ie t ie s  w ere  s tu d ied  in regard  to  the ir  su s c e p t ib i l i ty  to 
Phytophthora se e d  p iece  ro t .  From the d a ta  c o l le c te d  during th is  two 
y e a r  te s t in g  program, it  is  concluded  th a t  the v a r ie t ie s  C .P .  28-19, 
C .P .  3 4 -12 0 , C .P .  36-13 , C .P .  44-154 , C .P .  5 3 -1 , C .P .  53 -15 ,
C .P .  5 3 -22  and C .P .  55-30 are su s c e p t ib le  to the  s e e d  p iece  ro t,
xi
while the  following v a r ie t ie s  are co n s id e red  re s i s ta n t :  C o . 281, 
N .C o .  310, C .P .  29-116, C .P .  43-47 , C .P .  44-101 , C .P .  47-193 , 
C .P .  48-103 and C .P .  51-21 .
A survey made in th e  sugar be lt  during the spring  of 1958, r e ­
v ea led  the fac t  th a t  h igh er  p e rcen tag es  of Phytophthora cu ltu res  were 
o b ta in ed  from se ed  p ie c e s  p lan ted  from la te  Septem ber until November 
than  from tho se  p lan ted  e a r l ie r .
x ii
INTRODUCTION
The rotting and de terio ra tion  of suga rcane  se e d  p ie c e s  or cu ttings  
is  a problem p resen t  in a lm ost every  sugarcane  growing country  in the 
w orld . In the  trop ica l a re a s ,  p ineapp le  d is e a s e  c a u s e d  by C e ra to s to m e lla  
paradoxa (de Seynes) Dade is  co n s id ered  the most important se ed  p iece  
ro t ,  w hile  in the sub trop ica l a reas  red  rot c a u se d  by Physa lospo ra  
tucum anensis  Speer. is  the one c au s in g  most damage in th is  r e s p e c t .
Since in L ou is iana , the  p lan t cane  l ie s  dormant in the so il  for 
about s ix  months a fte r  it  h a s  been p lan ted  in September and p a s s e s  
through a period of unfavorable c lim atic  cond itions during th is  time, 
the  v i ta l i ty  of the can e  is  e a s i ly  low ered  and the  s e e d  p ie c e s  become 
more su sc e p t ib le  to the  a t tac k  of c e r ta in  so il  m ic roo rgan ism s. Some­
tim es th is  w inter period  has  been  experienced  to be u nusua lly  wet a c ­
com panied  by extra  low tem p era tu re s .  This condition  was observed  
during the  w in ter and early  spring of 1947 and 1948, and it  w as found 
th a t  the va rie ty  C .P .  36-13 fa i led  to  germ inate in ce r ta in  a re a s  of the 
sugarcane  b e l t .  Since th is  varie ty  was co ns id ered  as  being h ighly  r e ­
s i s t a n t  to  red rot it  w as hard to be lieve  th a t  th is  cou ld  be the c a u se  of 
the  fa i lu re .  It was a lso  co n s id e red  to be r e s i s ta n t  to  m osaic  and 
m oderately  so  to root rot (12).
In the  early  spring of 1948, a survey w as made of the fungi 
a s s o c ia te d  w ith the  s tand  fa ilu res  in  p lan t c a n e ,  and iso la t io n s
rev ea led  severa l s tra in s  of Phytophthora to be re sp o n s ib le  for the 
m alady. C hilton  and Steib  (18) gave the f i r s t  account of th is 
Phytophthora rot in 1948, which report was followed by more de ta iled  
pub lica tions a few years la te r  (79, 80). When se ed  p iec es  of the 
varie ty  C .P .  36-13 and C o . 290 were re - in o c u la te d  with cu ltu res  of 
Phytophthora , symptoms sim ilar to those  se e n  in the fie ld  were ob ta ined .
In the early  s tage  of in fec tion , the d is e a s e  could  a lso  be d is t in ­
gu ished  from red  rot by the in ternal symptoms of the d ise a s e d  seed  
p i e c e s . Red rot is  ch arac te r ized  by a deep red d isco lo ra tion  of the 
in ternal t i s s u e  and the p resence  of typ ical t ran sv erse  white b lo tches 
in the in ternodal region, while Phytophthora rot shows a typ ica l o range- 
pink d isco lo ra tion  of the t i s s u e s ,  without the p resen ce  of any white 
s p o t s .
Upon exam ination of the Phytophthora s tra ins  i so la te d  in 1948, 
one was iden tified  asJP_. e ry th rosep tica  Pethyb. Of the rem aining, one 
was found to resem ble Pythium in i ts  morphological c h a ra c te r is t ic s ,  
while the o ther was never iden tified  due to the complete ab sence  of 
any fruiting s tru c tu re s ,  and which was therefore ten ta t iv e ly  ca l le d  the 
" s te rile  mycelium" i s o la te .  This l a s t  i s o la te ,  however, was found to 
be the most pa thogenic  one in se ed  p iece  inoculation  ex p erim en ts .
S anchez-N avarre te  (71) in 1950, made a study of the environ­
mental factors re la tive  to Phytophthora rot of seed  p ieces  and concluded 
that the y ie ld  of sugarcane in tons per acre was d irec tly  re la ted  to the
tem perature and the amount of ra in fa ll  during the  preceding  w inter and 
spring s e a s o n s .  Lower average tem peratures and e x c e ss iv e  amounts 
of p rec ip ita tion  u su a lly  re su l te d  in lower y ie ld s  of su g a rcan e . This 
in v es tig a to r  a lso  made attem pts to induce fruiting in the " s te r i le ,  " 
m ost pathogenic  Phytophthora i s o la te ,  but only chiam ydospores were 
o b served .
In 1955, Singh (75) con tinued  th ese  a ttem pts through the use  of 
d ifferent cu lture  m edia, f leshy  fruit, so il le a ch a te  and o ther m eans, 
but was s t i l l  unable to obtain  any fruiting s truc tu res  in th is  iso la te  
w ith the exception  of few sporangia and oospores  observed on sugar­
c an e  r o o ts . He a lso  made ex tens iv e  surveys in the sugarcane be lt  
during the spring se a so n s  of 1953, 1954 and 1955 in order to determine 
to  what ex ten t  Phytophthora was important in causing  p lant cane  stand  
f a i lu r e s .
Since i t  has been  defin ite ly  e s ta b l is h e d  in previous in v es tiga tions  
th a t  the "s te r i le"  Phytophthora i so la te  is  the most pathogenic one in 
r e s p e c t  to Phytophthora seed  p iece  rot, a ll em phasis  was p laced  en­
tire ly  on th a t  particu la r  iso la te  in th is  s tudy .
The p re sen t  inves tiga tion  was undertaken, (1) to try to induce 
fruiting in the  " s te r i le "  s tra in  and to identify  th is  pathogenic 
Phytophthora i so la te ,  (2) to make com parative s tud ies  betw een th is  
i so la te  and other sp e c ie s  of Phytophthora in regard to morphology, 
grow th-tem perature  re la tions  and pa thogen ic ity , (3) to study the  b as ic
4
method of s e e d  p iece  infection  and the rate  of spread  of the pathogen 
in s id e  the se ed  p ie c e s ,  and (4) to determine the re la tive  s u s c e p t i ­
bility  of severa l p a s t  and p resen t commercial sugarcane v a rie tie s  as 
well as some y e t  un re leased  experim ental t e s t  fie ld  v a rie tie s  to the 
d ise a se  under field  c o n d it io n s .
HISTORICAL REVIEW
Of a ll  the  recogn ized  suga rcane  d i s e a s e s  today , s e v e ra l  are  
known w hich a c tu a l ly  involve a rotting of the s e e d  p ie c e s ,  some being 
of major im portance . D ifferent terms u sed  for the  word se e d  p iece  in 
o ther  su garcane  growing co un tr ies  are  "cu tt in g s"  in  A ustra lia , H aw aii, 
Formosa and the P h il ip p in es , " s e t t s "  in Ind ia , South Africa and 
M au ritiu s ,  (also  "bouture"), " s tek k en "  and "b ib it"  in Java , and 
" se m il la s "  in  Puerto Rico and o ther  sp a n ish  speak ing  c o u n tr ie s .
According to  Rands and Abbott (68), a rot of "m attre ssed "  se e d  
c a n e ,  a lso  c a l le d  "cane ro t,  " was vaguely  d esc r ib ed  in the 1840's 
and  50 's  in L ou is iana , which seem ed to  be a s s o c ia te d  w ith the d e ­
genera tio n  or fa ll ing  off in y ie ld  of the lo n g -c u l t iv a te d  G reole  and 
O tah e ite  c an e  v a r i e t i e s .
Probably the  e a r l ie s t  report of a defin ite  s e e d  p iece  rot of su g a r­
can e  came from Java in 1893, when W ent (94) reported  the  "ananas 
z ie k te "  or p ineapp le  d i s e a s e ,  which c a u s e d  c o n s id e rab le  damage at 
th a t  t im e . W ent d e sc r ib ed  the c a u s a l  organism  as T h ie lav iopsis  
e th a c e t ic u s  and u se d  the  name p ineapp le  d is e a s e  b e c a u se  of the 
odor g iven  off by the sugarcane  se e d  p ie c e s  in the  early  s ta g e s  of 
ro tting , resem bling  th a t  of fresh  p in e a p p le s .
S ince de Seynes (26) h ad  s tu d ied  and id en tif ied  th is  fungus 
e a r l ie r  from rotting p ineapp le  f ru i ts ,  the  name w as changed  to
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p a ra d o x a . It was not until  19 28, th a t  the p e rfec t  s ta g e  was d esc r ib ed  
by Dade (24) from the  Gold C o a s t  and the fungus w as renam ed 
C e ra to s to m e lla  p a ra d o x a . This name has  very  rec en tly  been  changed  
by M oreau (61) to  C e ra to c y s t is  paradoxa (Dade) M oreau .
This se e d  p iece  rot is  c h a rac te r ize d  by a  b lackening  of the 
c en tra l  cy lin d er  of the s ta lk  and the r e le a s e  of an odor resem bling  tha t  
of f resh  p in e a p p le s . These c h a ra c te r is t ic s  in add ition  to the  fac t  tha t  
th is  d i s e a s e  is  more severe  at h igher  tem p era tu res ,  d is t in g u ish  it 
from Phytophthora se ed  p iec e  ro t .  The d is e a s e  is  p re sen t  in  a ll 
su g a rcan e  producing coun tr ies  throughout the world and is  the  p rin ­
c ip a l  s e e d  p iec e  rot in H aw aii to d ay . Ocfemia (62) reported  from the 
P h il ip p in e s ,  th a t  in  1925 shoo ts  fa i led  to emerge from 95 p e r  cen t  of 
the  cu tt ing s  p lan ted  in one of the a re a s ,  owing to th is  d i s e a s e .  P in e ­
app le  d i s e a s e  was f irs t  found in L ou is iana  by Edgerton (30) in  1910, 
but the d i s e a s e  has  been  of infrequent occurrence  and of l i t t le  economic 
im portance in the s t a te .  Cook (20) reported  from Puerto Rico in 193 2, 
th a t  C .  paradoxa w as the dominant fac to r  in poor germ ination of the 
s e e d  cane  and th a t  d es tru c tio n  of the  seed  p ie c e s  w as g re a te s t  in w et, 
poorly d rained  s o i l s .
The fungus en te rs  the  se e d  p ie c e s  from the so il  through the cu t 
ends and grows rapid ly  in the c en tra l  part  of the  can e  s ta lk ,  ev en tu ­
a lly  destroy ing  the se ed  p iece  e n t i re ly .  The severi ty  of the d is e a s e  is  
in c re a s e d  by conditions unfavorable for germ ination of the b u d s , l ike
poor drainage  and l i t t le  ae ra tion  of the  so i l .
In re s p e c t  to  the contro l of p ineapp le  d i s e a s e ,  W ent (94) a l ­
ready  recom mended coa ting  of the cu t  ends of the  se ed  p ie c e s  with 
some ta r  mixed with a rrack . This su b je c t  was l a te r  in v e s t ig a te d  by 
Kamerling (47), who compared the trea tm ent w ith Bordeaux mixture 
and the u se  of ta r  a lo n e . Evans and W iehe (35) in  M au ritiu s ,
M cM artin  (58) in  South Africa and more recen tly  W ismer (96) in H awaii 
have  pu b lish ed  e x te n s iv e  a r t ic le s  on the  control of p ineapp le  d is e a s e  
by the use  of organic  m ercurial f u n g ic id e s . The f i r s t  two in v es tig a to rs  
reported  th a t  Aretan gave the  b e s t  p ro tec tion  of the s e t t s  under both 
moist and dry c o n d it io n s , while the la t t e r  recommended phenyl 
m ercuric a c e ta te  (PMA) to  give the  m ost e ffec tiv e  control of the 
d is e a s e  a t  a concen tra tion  of 1 quart to  100 ga llons  of w a te r ,  for 
dipping or spraying  of the  cu ttings  .
P ineapp le  d is e a s e  was quickly follow ed by the occurrence  of 
ano ther se e d  p iece  rot d e sc r ib ed  from Java by W ent (95) in  1893, which 
d is e a s e  he c a l le d  "rood sno t"  a t  tha t t im e . W ent d e sc r ib e d  a ccu ra te ly  
and in de ta il  the symptoms of the  d i s e a s e ,  proved the p a ra s i t ism  of the 
c a u sa l  organism  and named i t  C olle to trichum  fa lc a tu m . The perfec t 
s tag e  of the red  rot fungus w as reported  by C arv a ja l  and Edgerton (16) 
from L ouis iana  in 1943. After com parison  with type m ateria l,  i t  
seem ed id en t ica l  with a fungus d esc r ib ed  by Spegazinn i (76) in 
Argentina as Physalospora  tu c u m a n e n s is , which name is  u se d  today
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for the  red  rot fungus. R ecently , how ever, von Arx and M uller (87) 
changed  the name to G lom erella  tucum anensis  (Speg.) v .  Arx e t  
M uller, on accou n t of the  a b sen c e  of p a rap h y ses  in the l a t t e r  g e n u s .
This s e e d  p iece  rot is  c h a rac te r ized  by the reddening of the 
in ternodal t i s s u e s  and the  p re sen c e  of w hite  b lo tc h es ,  which to ­
g e ther  r e s u l t  in a ty p ica l  mottling e ffec t .  This symptom can  defin ite ly  
be d iffe ren tia ted  in the ea rly  s tag e  of se e d  p iece  in fec tion  from the 
typ ica l  orange pink d isco lo ra tio n  of cane ro tted  with P hy toph thora .
Red rot h a s  been co n s id e re d  as one of the ch ie f  c a u s e s  of s tan d  
fa i lu res  a ll over the w orld . It was reported from L ouis iana  for the f irs t  
time in 1908 by Edgerton (29) and has s in ce  then  c a u se d  sev e re  l o s s e s  
to the L ou is iana  sugar in d u s try .  In 19 20, the  same in v es tig a to r  r e ­
ported  th a t  inocu la tion  of s e e d  p ie c e s  of the  v a r ie t ie s  L ou is iana  
Purple and  D. 74 with the  fungus, d e c rea se d  germ ination of the  eyes  
by nearly  50 per c e n t .  By 19 27, the  varie ty  P .O . J .  213 had  become 
one of the lead ing  comm ercial v a r ie tie s  in  the  s ta te  as a  rep lacem ent 
of the old noble  c a n e s ,  L ouis iana  Purple and  L ouis iana  S triped, and 
a t th a t  tim e, was co n s id e red  r e s i s ta n t  to red  ro t .  In the  spring of 
1930 when the v a rie ty  o ccup ied  about 35 per  cen t  of the su garcane  
ac reag e  in L ou is iana , i t  fa i le d  to  germ inate in  many a reas  in  the  s ta te  
and exam ination  of the se e d  p ie c e s  revea led  e x te n s iv e  injury by the 
red  rot fungus { 3 ) .
Abbott (3) co n s id e red  various p o s s ib i l i t i e s  as  being the  c a u se
of th is  fa i lu re ,  but p lac ed  most em phasis  upon the p o s s ib le  d ev e lop ­
ment of a new  s tra in  of the red ro t fungus, be ing  more v iru len t to 
P .O . J .  213 th an  to th o se  v a r ie t ie s  p resen t  in  the  s ta te  before i ts  
in troduc tion . An ex ten s iv e  survey w as made of the red  rot flora in 
the  Southern U nited  S ta te s ,  which rev ea led  the  firs t  ev id en ce  of the  
e x is te n c e  of two m orphological ty p es  of fa lca tum , w hich were 
term ed l ig h t  and  dark ra c e s  re s p e c t iv e ly .
Forbes (36, 37) in  1942, in v e s t ig a te d  the  de ter io ra tion  of C o .
290 se e d  cane  in  L ou is iana , and found that red  rot began  to p lay  an 
im portant ro le  in  the poor germ ination of s e e d  p ie c e s  o f tha t  v a r ie ty .  
The varie ty  C o . 281, how ever, w as found to be much more r e s i s ta n t  
to the  d i s e a s e .
C y tospora  rot of sugarcane  i s  commonly referred  to  as a sh e a th  
ro t,  but it  has  been  found to a ffec t  the  se e d  p ie c e s  and  stubb le  rh i­
zom es a s  w e l l .  The fungus was f i r s t  d e sc r ib ed  by Butler (14) from 
India in  1906 a s  C y tospora  sa c c h a r i  Butl. In the  W este rn  H em isphere , 
the  organism  w as f irs t  reported  by Johnston and S tevenson  (45) from 
Puerto Rico in 1917. The d is e a s e  w as f i rs t  found in L o u is iana  on the 
va rie ty  C o . 281 by Abbott (1) in 1930, when the industry  was sh if t ing  
i ts  v a r ie t ie s  to the new er h y b rid s .  According to th is  in v es tig a to r ,  
C y tospora  rot had  not been  c o n s id e re d  a d i s e a s e  of s e e d  cane until 
1936, when s ta n d s  of C .P .  28-19 were poor over co n s id erab le  a re a s  
in L o u is ian a . The de te r io ra ted  s e e d  p iec es  dug from the  gaps were in
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most c a s e s  found to be sp iny  with fru iting  bod ies  of the  fu n g u s . He 
a lso  reported  th a t  the  v a r ie t ie s  C .P .  807 and C .P .  29-320 were in ­
fe c te d  w ith  C y tospo ra j  w hile  the  v a r ie t ie s  C o . 290, P .O . J ,  36,
P .O . J .  213 and P .O . J .  234 were only s l ig h tly  a ffe c te d .  Sim ilar c o n ­
d itions  were obse rved  during the  spring of 1937, w hile  the  d i s e a s e  
w as found to be m ost sev e re  on poorly drained  a re a s  th a t  had  been  
e x c e s s iv e ly  w et for c o n s id e ra b le  periods during the  p rev ious w in ter .
C h ilton  (17) made an  e x te n s iv e  study  of th is  d i s e a s e  during 
1935-1936 and confirm ed p rev ious re p o r ts ,  th a t  C .P .  28-19 and 
C .P .  29-3 20 were the  m ost su s c e p t ib le  v a r ie t ie s  to  C y tospora  ro t .
He reported  a l s o ,  th a t  w herever germ ination had  fa i led  to  take  p la c e ,  
pycn id ia  of the fungus cou ld  be found upon the s e e d  p i e c e s . C an e , 
a ffec ted  by C . s a c c h a r i ,  has  a rind which turns dull brown to b lack  
in co lo r , the  su rface  of which is  rough due to the  sp iny  fruiting bodies  
in  the ep iderm al t i s s u e ,  w hile  the  in te rna l t i s s u e  becom es a  dirty  gray , 
l a t e r  turning darker.
Another s e e d  p iec e  ro t,  known as b lack  ro t ,  w as o rig ina lly  found 
an d  d esc r ib ed  by Butler (14) from Bihar, India in  1903. He id en tif ied  
th e  c a u sa l  agen t as  Sphaeronem a ad iposum , which name was la te r  
changed  by Sarto ris  (72) to  C e ra to s to m e lla  adiposum  (Butl.) S a rto ris ,  
on a cco u n t  of the  ty p ica l  lo n g -b e a k e d  p e r i th ec ia  which Butler had  m is­
taken  for p y c n id ia .  The name b lac k  rot cou ld  be co n fused  with the term 
p in eap p le  d i s e a s e ,  s in ce  W ent (94) and Kruger (48) a ls o  c a l le d  the
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la t te r  d ise a se  "zwart rot" and "Schw arzfau le" re sp e c t iv e ly .
Sartoris (72) reported in 19 27 that b lack  rot c au se d  co n s id e r­
able  damage to the seed  cane  of the va rie tie s  P .O .J .  36 and P .O .J .
213 and th a t  in the fall of 19 26, ju s t  prior to cane harvesting , the 
s tand s  of th e se  two v a r ie t ie s  were reduced  to about 20 and 30 per 
cen t of normal re sp e c t iv e ly .  He a lso  m entioned that idea l conditions 
for the development of the d is e a s e  were frequent rains with in te r­
m ittent periods of warm w eather, combined with lo o se ly  packed  so il 
a llowing large a ir  pockets  around the  seed  p i e c e s . The mycelium did 
not seem  to  invade the se ed  p ie c e s ,  however, but turned the in ternal 
t i s s u e  a dark purp le . In advanced s ta g es  the seed  p ieces  turned 
nearly  b lack  throughout, showed a watery texture and em itted an odor 
sim ilar to tha t of the p ineapple  d i s e a s e .
Black rot h as  now been reported  in the W estern  Hemisphere from 
the United S ta te s ,  Brazil, Peru and the Dominican Republic and from 
the Eastern  Hemisphere from A ustra lia  (New South W ales) ,  Java, India 
and Formosa (56).
Fusarium moniliforme (Sheld.) Snyd. e t  H an s , has  a lso  been  i s o ­
la te d  from the in ternal t i s s u e s  of de te rio ra ting  se ed  p ie c e s .  Edgerton 
and M oreland (32) descr ib ed  the d is e a s e  from L ouisiana  and a lso  two 
d is t in c t  types of Fusaria  a s s o c ia te d  with i t ,  a white and a purplish  
s p e c ie s .  The purple Fusarium was found to be a la rg e -sp o red  form, 
producing deep purple fruiting p u s tu les  on the  ou tside  of the se ed  cane
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during la te  w inter, while the white form had  spores much sm aller  than 
those  of t h e  purple Fusarium, and was found p resen t in  a lm ost every 
s ta lk  of d isco lored  se e d  c a n e .
They reported a lso  tha t C o . 290, which was of commercial value 
a t  tha t  tim e, was most su sce p tib le  to Fusaria l ro t, e sp e c ia l ly  s in ce  it  
a ffec ted  seed  p ieces  p lan ted  in low , wet a r e a s . Experimental ev idence  
in d ica ted  tha t  the purple Fusarium was of minor importance in the de ­
ter io ration  of se ed  c a n e ,  while inoculation  of the se e d  p iec es  with the 
white Fusarium c o n s is te n t ly  re su l te d  in low er bud germ ination than  in 
the check , which ind ica ted  th a t  th is  fungus could  be of some im­
portance in caus in g  a d ec rease  in  s tand .
Abbott (2) reported a reduction  in germination due to Fusarium in 
P .O .J ,  213, where the  in ocu la ted  p lo ts  show ed 5 .8  per cen t germ ina­
tion as  compared with 9 .9  per cen t  for the check  p l o t s .
M cM artin (57) reported a s e t t - ro t  of sugarcane  from Natal and 
s ta te d  tha t a number of different organism s, the names of which were 
not mentioned, were a s so c ia te d  with the d i s e a s e .  He found C o . 301 
to be one of the most su sce p tib le  v a r ie t ie s  to s e t t - ro t  and was a lso  
able to control the d is e a s e  through the use  of organic mercurial com­
pounds applied  in the furrow.
A report from A ustra lia  by Hughes and C hris tie  (42) in 1950 
s ta te d  th a t  trea tm ents of sugarcane se t ts  in the Budehin d is tr ic t  with 
a mercuric dip prior to p lanting  had  re su l ted  in  a trem endous s tand
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in c re a s e  and  tha t  the  trea tm ent had becom e a reg u la r  p ra c t ic e  in th a t  
part of the  A ustra lian  su garcane  a re a .
Johnston (44) reported  sev e ra l  fungi from Puerto  Rico which he 
i so la te d  from se e d  p ie c e s  removed from the so il:  s c le ro t ia  and 
mycelium of Sclerotium  ro lfs i i  S a c c . , f ru c tif ica tio ns  of D iplodia  
theobrom ae (Pat.) Nowell and C ytospora  sa c c h a r i  B utl.,  and  a lso  
M elanconium  s a c c h a r i  M a s s .  He s ta te d ,  how ever, that th e re  was no 
proof th a t  any one of th e s e  organism s might not have ga ined  en trance  
to  the s e e d  p iec es  before p lan t in g .
Bitancourt (10) l i s te d  the sam e fungi from se e d  p ie c e s  in Brazil, 
but reported  them as  being of minor im p o rtan ce .
Edgerton (30) a lso  reported  the  p re sen c e  of rind d i s e a s e ,  c a u s e d  
by M elanconium  s a c c h a r i ,  from se e d  can e  in L ouis iana  and s ta te d  th a t  
the  in te r io r  of the  s e e d  p ie c e s  was various ly  co lo red , rang ing  from red  
and ye llow  to brown and even g reen . The t i s s u e  was reported  to dry 
out rap id ly  so th a t  the whole cane  sh rinks  and becom es l ig h t  in w e igh t,  
w hile  l i t t l e  or no germ ination  was o b se rved .
Abbott (2) in  1932, found th a t  M . sa c c h a r i  reduced  the  amount of 
germ ination  of the va rie ty  C .P .  807 from 3 2 .9  per  cen t in  the  check  to 
19 .4  per cen t  in  the  in o cu la ted  s e e d  p ie c e s ,  w hile  germ ination in  the  
va rie ty  P .O .J .  213 was reduced  from 14.5  to 9 .4  per c e n t .
M arasm ius p l ic a tu s  W akker, now commonly known a s  M. 
s tenophy llus  M o n t . , has a lso  frequently  been  s e e n  on s e e d  cane  in
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L ouisiana  when d ise a se d  s ta lks  were u sed  for p lanting  (3 2). I t was 
reported  at tha t  time th a t  the fungus did not pene tra te  the  rind t is s u e  
from the le a f  sh e a th s ,  but mycelium was found entering  the s ta lk  
through borer holes or o ther  in ju ries  of the seed  c a n e .
Phytophthora rot o f sugarcane  seed  p ie c e s ,  the d is e a s e  under 
study  in the p resen t in v es tig a t io n ,  has been recorded only from 
L ouisiana  up to the p re se n t  tim e. The d is e a s e  is  ch a rac te r ized  by a  
w ater soaked  appearance  of the in fec ted  in ternal t i s s u e s  follow ed by a 
typ ical o range-p ink  d isco lo ra tion  (Plate I ) . In the more advanced  s tages  
of in fec tion , the t is su e  turns red d ish  and purplish  brown and has often a 
d is t in c t  e th e r- l ik e  odor.
In the spring of 1947 and 1948 it was evident tha t  the varie ty
C .P .  36-13 was showing stand  fa ilu res  in ce r ta in  parts  of the Louisiana 
sugarcane  b e l t .  Steib and C hilton  (79, 80) made a survey of the areas 
and iso la t io n s  were made from the  ungerm inated seed  c a n e .  They re ­
ported  that of 2, 017 nodes and in ternodes p la ted ,  51 .5  per cen t  gave 
Phytophthora i s o la te s ,  which were divided into 3 d is t in c t  cu ltu ral ty p es .  
These three iso la te s  w ere  ten ta t iv e ly  ca l le d  " s tra in s"  N os. 1, 2 and 3.
Strain No. 1, c h a rac te r ized  by the production of oogonia and 
an therid ia  on oatmeal ag a r  and abundant sporangial production, was 
id en tif ied  as  P . e ry th rosep tica  Pe thyb . (78). Strain No. 2, c h a ra c ­
te r ize d  by the  absence  of sexual s truc tu res  and the production of few 
sporang ia , was referred to as the "s te rile -m ycelium " ty p e .  Strain No. 3,
PLATE I
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External and In ternal d isco lo ra tion  of se ed  p iec es  of the 
varie ty  C .P .  44-154 in fec ted  with Phytophthora , as  con­
t ra s te d  with the  natural color of healthy  c a n e .
ch arac te r ized  by the production of only paragynous an therid ia , and 
sporangia  as in s tra in  No, 1, was referred to as a Pythium- i ik e  
Phytophthora . It was a lso  noted a t  th a t  time that s tra in  No. 2, with 
" s te r i le "  mycelium, was most pathogenic  of the th ree  i s o la te s ,  w here­
as s tra in  No. 3 was l e a s t  pa thogen ic . Singh (75), who worked on 
th is  d is e a s e  recen tly , was able to i so la te  only s tra in s  N os . 1 and 2, 
which he des ign a ted  as Iso la te  No. 1 and Iso la te  No. 2.
S anchez-N avarre te  (71) was the f i rs t  to make a ttem pts to induce 
the formation of fruiting s truc tu res  in  th is  "s t e r i l e 11 Phytophthora 
i s o la te ,  which had obviously  been the c r i t ic a l  poin t preventing it 
from id en t if ica t io n . He mated th is  i so la te  with the o ther s tra in s  
m entioned from sugarcane  and a lso  with P. in fes tan s  (Mont.) de Bary 
from po ta to , P. cinnamomi Rands from C am ellia  and a Phytophthora-  
l ike  fungus from sw eet po ta to , but no fruiting s tru c tu re s ,  w hether 
sexual or a se x u a l ,  were ever observed  at the  l ine  of junction  betw een 
the P h y to p h th o ra 's . When th is  " s te r i le "  s tra in  was p laced  in P e tr i 's  
mineral so lu tion  and M/lOO po tass ium  n itra te  so lu tion , only ch lam y- 
dosp o re - like  bodies were found in  abundance .
Singh (75) made further a ttem pts to induce fruiting in the " s te r i le "  
i s o la te ,  by using  different media, f leshy  fruit, so il  le a c h a te ,  sugarcane  
s ta lk s  and ro o ts ,  the e ffec t of l igh t and pa ired  c u l tu re s .  Of a ll the 
m ateria ls  u se d ,  only the inoculation  of sugarcane  roots re su l te d  in a 
l im ited  production of sporangia  and oogonia. The use  of d ifferent
media and soil le a c h a te ,  with or without P e tr i 's  so lu tio n , seem ed to 
be very favorable  for chlam ydospore production only. Regardless of 
th e se  findings the fungus was not iden tif ied  at th a t  t im e0
MATERIALS AND METHODS
Steib and Chilton (78) i so la te d  th ree  morphologically different 
Phytophthora i so la te s  from d is e a s e d  sugarcane  seed  p ie c e s ,  which 
were designa ted  as Strains 1, 2 and 3 . Since the "s te r i le"
Phytophthora i so la te  (Strain No. 2) was considered  to be the most 
pathogenic  by th e se  and la te r  in v es tig a to rs  (71, 75), th is  iso la te  was 
used  in the p resen t  study of th is  d i s e a s e .
The work c o n s is te d  of laboratory  s tu d ie s ,  in order to try to 
identify  th is p reviously  undescribed  iso la te ;  greenhouse experim ents 
to study the in it ia l  in fec tion  of the se e d  p iec es  by the pathogen and 
the sp read  of the fungus in ternally ; and field  te s ts  to determine the 
su sce p t ib i l i ty  of many sugarcane v a r ie t ie s  to th is  se ed  p iece  pathogen .
Laboratory Studies
Sanchez (71) and Singh (75) had  prev iously  tr ied  to induce fruit­
ing in th is  " s te r i le "  Phytophthora i so la te  in order to obtain sporangia 
and o o sp o re s ,  but all attem pts were u n su c c e s s fu l .  The la t te r  in v e s t i ­
gator did find a few fruiting b o d ie s , however, when roots from sugarcane 
se ed  p ieces  were a llowed to grow in f la sk s  with s te r i le  w ater conta in ing  
the fungal i s o l a t e .
Since th e se  previous in v es tig a to rs  never reported  the exam ination 
of oa ts  with the fungus, which was the inoculum a lso  used  at tha t time
18
19
for so i l  in fes ta t io n  and  se e d  p iec e  inocu la tion  s tu d ie s ,  th is  medium 
w as thought of as a p o s s ib i l i ty  for the  fungus to fruit upon.
Therefore, in the  p re sen t  s tudy , the  fungus was grown on 
s te r i l iz e d  o a ts  in Erhlenmyer f l a s k s ,  w hich  inoculum  w as in tended  
for u se  in  the  fie ld  t e s t s ,  to be p lan ted  with the se e d  p ie c e s  in the 
furrow. These f la sk s  w ere  s to red  in a c o n s ta n t  tem perature  room at 
70° F . , and the oats were exam ined  a t d ifferent in te rva ls  for the 
p re sen c e  of any fruiting of the fungus. Oat g rains w ith the fungus 
were a ls o  p lac ed  in Pe tri  d ish e s  with tap  w ater to t e s t  for sporangia l 
p roduction . A som ewhat s im ila r  method was u sed  rec en t ly  by Lowy 
(55) in the  study  of a q u a tic  P h y c o m y c e te s . This techn ique  was l a t e r  
improved by the author, by p lac ing  the  o a t  g ra ins  on wooden rods he ld  
w ith  co tton  plugs in Erhlenmyer f la sk s  with w a te r .  This improvement 
a llow ed the  fungus to grow out more in  a ll  d irec tio n s .
For com parative  s tu d ie s ,  th is  " s te r i le "  sugarcane  iso la te  was 
com pared w ith  other s p e c ie s  of P hy toph tho ra . P . cinnamomi from 
avocado , P . e ry th ro sep tica  from p o ta to , P . d rech s le r i  and  I?. 
m egasperm a from unknown h o s ts  were ob ta ined  from the  American 
Type C ultu re  C o llec tion  (A .T .C .C .)  in W ash ing ton , w hile  a cu lture  
of P . c ryp toqea  from a lfa lfa  was kindly su p p lied  by Dr. D . C . Erwin, 
C itrus  Experiment S ta tion , R iverside , C a lifo rn ia .
A tem perature  s tu dy  was s e t  up in  which a ll  the above m entioned 
sp e c ie s  of Phytophthora and the  su g a rcan e  i s o la te  were compared a t
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5 ° , 10°, 15°, 20°, 25°, 27°, 30° and 35° C . The is o la te s  were
grown in s im ila r  s iz e d  Petri d ish e s  w ith 20 c c .  po ta to  dex trose  agar, 
by p lac in g  a 12 mm plug of each  cu ltu re  in the  c e n te r  of the  d i s h .
The p la te s  were in o cu la ted  at the  requ ired  tem pera tu res  and exam ined 
6, 10 and 30 days l a t e r  to obtain  m easurem ents of the co lon ies  .
The Phytophthora s p e c ie s ,  which m orphologically  resem bled  
the  suga rcan e  i so la te  m ost, were t e s te d  on five add itional cu lture  
m edia at tem pera tures  of 10°, 20° and  32° C . ,  to compare them again  
for any d iffe rences  in growth. The i s o la te s  were u sed  from cu ltu res  
growing on po ta to  d ex tro se  agar and  the  in it ia l  inoculum  was reduced  
to 10 mm. The follow ing media were u se d  in the  tem perature  s tu d ie s  
(27, 54, 69):
Oatmeal Agar Cornmeal Agar
Oatm eal 65 gr. Cornmeal 20 gr.
Bacto agar 17 gr. Bacto agar 17 gr.
Po ta to  D extrose  Agar Lima Bean Agar
P o ta toes  (peeled) 200 gr. Lima bean s  (ground) 100 gr.
D extrose 20 gr. Bacto agar 17 gr.
Bacto agar 17 gr.
C zap ek  Agar Fries Aqa r
Sodium n itra te 2 gr. Ammonium ta r tra te 5 gr.
P o tass ium  phospha te 1 gr. Ammonium n itra te 1 gr.
(dibasic) P o tass ium  phosphate 1 gr.
M agnesium  su lpha te 0 .5 g r . (dibasic)
P o ta ss iu m  ch loride 0 .5 gr. M agnesium  su lpha te 0 .5 gr.
Ferrous su lp h a te 0 .01 gr. Sodium chloride 0 .1 gr.
Calc ium  chloride 0 .13 gr.
Y east ex trac t 0 .01 gr.
Bacto agar 15 gr.
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All the above media were made up in 1000 c c .  d is t i l le d  w ater .
The p la te s  were exam ined 6 days after incubation  to obtain  diam eter 
m easurem ents of the c o lo n ie s .  Both tem perature experim ents were 
run with 4 rep lica tion s  for each  treatm ent and the experiment was 
rep e a te d  once .
P. megasperma and the  sugarcane  Phytophthora iso la te  were 
a ls o  compared in re sp ec t  to their pa thogen ic ity  on a p p le s ,  eggplants  
and o ranges , the s tandard  fruit used  by Tucker (85) and W ager (89) 
in the ir  com parative s tu d ies  of Phytophthora s p e c ie s .  These fruit 
were surface  s te r i l iz e d  by dipping in to  a 1:1000 so lu tion  of mercuric 
ch loride  and were then p laced  in moist cham bers , while the in ocu la ­
tions  were made by p lac ing  with a s te r i le  need le  a 12 mm d isk  of agar 
with mycelium in a sm all, shallow  wound cu t into the surface  of th ese  
fru it .  C heck fruit were wounded on ly . The moist cham bers were then 
in cuba ted  at 21° C . and the  fruit exam ined a fte r  7 days .
These same two Phytophthora iso la te s  were a lso  te s te d  with 
re s p e c t  to their pa thogen ic ity  to sugarcane  se e d  p ie c e s .  Since P. 
e ry th ro sep tica  had been described  from se e d  p ieces  before, a lso  th is  
sp e c ie s  was used  in the com parative t e s t .  All three Phytophthora 
cu ltu res  were inocu la ted  into a to ta l of ten  2~eyed seed  p ieces  of 
the v a r ie t ie s  C o. 290 and C .P .  34-120 , by p lac ing  about 5 oa t grains 
with the fungus in  a hole cu t into the  internode of each  seed  p ie c e .
The se ed  p ieces  were then  p lan ted  in large c rocks with s te r i l iz e d
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s o i l ,  which in  turn were p laced  in a c o n s ta n t  tem perature  room of 
70° F. (21° C . ) .  The c a n e s  were dug and sp l i t  15 days a fte r  
p lan tin g , to  be exam ined for sp read  of the  fungi.
G reenhouse  Experim ents
In order to  study  the  in it ia l  in fec tion  of su ga rcan e  se e d  p ie c e s  
by Phy toph thora , an experim ent w as s e t  up in which 2 -ey ed  s e e d  
p ie c e s  were p lan ted  in c rocks f i l le d  with s te r i l iz e d  so i l ,  to which 
the  fungus was added . The inoculum  was p repared  by growing the 
fungus on s te r i l iz e d  o a ts .  The s e e d  p ie c e s  of the v a r ie t ie s  C .P .  36-13 
and  N .C o .  310 t e s te d  were p o s i t iv e ly  free  of borer h o le s ,  in  order to 
e lim ina te  p o s s ib le  en trance  of the  fungus through su ch  a v e n u e s .
A to ta l  of 150 s in g le  e y e s ,  includ ing  50 for the c h eck ,  were 
p lan ted  in the  experim ent. The can e  p ie c e s  were exam ined 2, 3, 5,
7 and  9 w eeks a fte r  p lan t in g ,  by digging up 15 2 -eyed  s e e d  p ie c e s  
a t  one tim e, including  5 for the c h e c k .
In order to t e s t  the ra te  of sp read  of the  pathogen  in  sugarcane  
s e e d  p ie c e s ,  a  s im ila r  experim ent w as s e t  up a s  d e sc r ib ed  above, 
w ith  the excep tion  th a t  the can e  p ie c e s  were in o cu la ted  w ith the 
fungus, by cu tting  a ho le  in each  in te rnode  and p lac ing  5 oa t gra ins 
w ith  the fungus in e ac h  h o le .  A sim ila r  number of 2 -ey ed  se e d  p ie c e s  
w as p lan ted  as  in the  previous experim ent, and the  c a n e s  were dug, 
s p l i t  and exam ined  10, 15, 20, 30 and 50 days a fte r  p la n t in g .
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Both experim ents were s e t  up ou ts ide  the greenhouse during 
February and M arch, when the tem perature varied  from 44°-5 8°  F. 
(6°-14°  C . ) ,  while the c rocks were kept well w atered  at a ll t im es .
Because of the fac t  th a t  in L ouisiana  P .O .J .  213 suddenly  
show ed s tan d  failures in the 1930 's , C o . 290 in the  early  1940 's , and
C .P .  36-13 in the la te  1940 's ,  i t  was thought to be of some impor­
tance  to try  to determine the cau se  of th e s e  fa ilu res  in re sp ec t  to 
Red rot and  Phytophthora ro t.  In order to do so , an experiment was 
se t  up o u ts ide  the greenhouse during the  winter months of 1958-1959, 
in which the aforem entioned v a r ie tie s  were t e s te d .  A to ta l of 12 
boxes were assem bled  from 24 sw eet potato  c ra te s ,  which were lined  
with cardboard and then f i lled  with so il  p rev iously  s te r i l iz e d  in the 
greenhouse  s te r i l iz e r  (Plate II). Each box con ta ined  8 f la ts  of soil 
and 4 boxes were used  for each  of the three  v a r i e t i e s . Each variety  
was p lan ted  in 4 trea tm ents with 10 rep lica tio n s  as  follows:
(1) check  with un inoculated  se e d  p ieces  p lan ted  in un in fes ted  so i l ,
(2) the s e e d  p ieces  were inocu la ted  with the red  rot fungus, by cutting  
a hole in the cen te r  of each  s ta lk  and p lac ing  about 2 c c .  of a 
con id ia l  su spens io n  of Physalospora  tucum anensis  in each  ho le ,
(3) the se e d  p ieces  were p lan ted  in so il  p rev iously  in fes ted  with 
the sugarcane  Phytophthora i s o la te ,  by adding a large quantity  of 
s te r i l iz e d  oa ts  on which the fungus was growing abundantly to th is  
s o i l ,  and (4) the se e d  p ieces  were p lan ted  in a combination of
PLATE II
^ 2 2
Arrangement of boxes with s te r i l iz e d  so i l  a r t i f i ­
c ia l ly  in fes ted  with Phytophthora, p lan ted  with 
se ed  p ieces  of the v a r ie t ie s  P .O .J .  213, C o . 290 
and C .P .  36-13 and kept under s im u la ted  flooding 
c o n d it io n s .
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trea tm ents 2 and 3.
Since the experiment was s e t  up with s te r i l iz e d  so i l ,  in order 
to  elim inate the p o ss ib le  injury and infection of the s e e d  p ieces  by 
o ther  soil m icroorganism s, only 10 seed  p iec es  of each varie ty  
cou ld  be u se d  for each  trea tm ent. These 10 s e e d  p ie c e s ,  however, 
were defin ite ly  free of any growth c ra ck s ,  borer ho les  or other de­
f e c ts  and were used  in the ir  en tire  leng th .
The s e e d  p ieces  were p lan ted  in November and the  boxes were 
w atered  frequently , so as  to partly  sim ulate  flooding conditions 
o ften  prevailing in the f ie ld  (Plate I I ) . The c an e s  were dug, sp lit  
and  examined a t 3 and 4 -1 /2  months after p lan ting  re sp ec t iv e ly .  
U nfortunately , however, the tem perature was ra ther high for the 
developm ent of Phytophthora rot during the f i r s t  two months of the 
experiment but changed la te r  to more favorable tem p era tu re s .
Upon exam ination of the c a n e s ,  pe rcen tages  of germ inated buds 
and  d ise a se d  in ternodes were c a lc u la te d .  Iso la t io n s  were made from 
d ise a s e d  nodes and in ternodes in order to ob ta in  a pe rcen tage  of 
Phytophthora and Physalospora  recovery  from th ese  t i s s u e s .
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Field T ests
In order to t e s t  the su sc e p t ib i l i ty  of sugarcane  v a rie tie s  to the 
Phytophthora i so la te ,  many v a r ie tie s  were p lan ted  in the f ie ld  during 
the fall of 1957 and 1958. These v a r ie t ie s  were rep re sen ted  by severa l 
of the P .O .J .  and C o . c a n e s ,  a ll  of the p resen t commercial va rie tie s  
and severa l  experimental t e s t  fie ld  v a r ie t ie s .  The inoculum was made 
up by growing the fungus in large  quantity  on s te r i l iz e d  oats  in 2000 ml. 
Erhlenmyer f lasks  in the co ld  room (70° F.) for 14 d a y s .  At the  time 
of p lan ting , th ese  oa ts  with the  fungus were sprink led  in the  furrow 
so  th a t  the  seed  p iec es  were surrounded by many grains before being 
covered up with s o i l , (Plate I I I ) .
The sugarcane varie tie s  te s te d  were:
P .O . J .  36 C .P .  807 C .P .  44-155
P .O . J .  213 C .P .  28-19 C .P .  47-193
P .O . J .  234 C .P .  29-116 C .P .  48-103
C .P .  29-320 C .P .  51-21
C .P .  34-120 C .P .  52-68
C o . 281 C .P .  36-13 C .P .  53-1
C o . 290 C .P .  36-105 C .P .  53-15
C .P .  43-47 C .P .  53-22
C .P .  44-101 C .P .  53-23
N .C o .  310 C .P .  44-154 C .P .  55-30
The cane  to be used  w as cut the day before planting and the 
individual rep lica tion s  were t ie d  with th in  wire to e a se  the digging 
and exam ination of the se ed  p ieces  the following spring . In the 1957- 
1958 experim ent, 5 s ta lks were used  per  rep lica tion  for the in fes ted
PLATE III
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•■VT* —’T*CT*.»/jy*T>rT' , 1
Soil in fe s ta t io n  in the  fie ld  through the add ition  of 
s te r i l iz e d  o a ts  with the  su ga rcane  Phytophthora 
i s o la t e ,  in the  furrow with the se e d  p ie c e s .
28
s o i l ,  w hile  the ch eck s  con ta ined  3 s ta lk s  e a c h .  For the  1958-1959 
experim ent, th e s e  numbers were 4 and 3 re s p e c t iv e ly ,  while the  fo l­
lowing v a r ie t ie s  were not rep e a te d  th a t  year: C . P .  29-3 20, C .P .  
44-154 , C .P .  53-15 and C .P .  53 -2 3 .
All the  v a r ie t ie s  were p lan ted  in 3 rep l ica t io n s  in  order to a llow  
exam ina tion  of the  s e e d  p ie c e s  at d ifferent periods during the fo llow ­
ing sp ring , in order to check  them for p ro g ress iv e  in fec tio n  and  sp re ad  
of the  pa th ogen . These periods ranged  from January 25 -  February 23, 
February 25 -  M arch  20 and M arch 27 -  April 25 during the  spring of 
1958, w hile  during the spring  of 1959, all periods w ere  3 w eeks l a te r  
than  m entioned ab ove , due to very dry w eather cond itions  the  previous 
w in ter.
After the c a n e s  were dug, they  were freed  of e x c e s s  so il  in the 
f ie ld  and taken  to  the g reenhouse  to  be w ashed , a f te r  which each  
ind iv idual s ta lk  w as sp l i t  len g th w ise  with a cane  knife in order to be 
exam ined in te rn a l ly .  A coun t was made of the  number of d i s e a s e d  
in te rn o d e s .  All n o d e s ,  in te rnodes  and  end p ie c e s  su s p e c te d  of being 
in fec ted  by Phytophthora were then  taken  in to  the labo ra to ry  to be 
p la ted  out accord ing  to s tand ard  p rocedures u s e d  by various in v e s t i ­
gators (71, 75).
The ind iv idua l p ie c e s  of the  s ta lk s  were su rface  s te r i l iz e d  by 
dipping them  into a so lu tio n  of 0. 2 per cen t m ercuric ch loride  for 
about 5 m in u te s , followed by immersion in a calc ium  hypochlorite
so lu tion  for about 10 m inutes. The mercuric chloride was made up by 
p lac ing  2 tab le ts  of the chem ical in 1 l i te r  of w ater, while the  calcium  
hypochlorite  con ta ined  40 gr. of the  m aterial in 1 l i te r  of w a te r .  Plugs 
of d ise a se d  t i s s u e  were removed by the u se  of a No. 3 (8 mm) cork 
borer and imbedded in p la te s  of oatm eal agar medium which had p re­
v iously  been ac id if ied  with one drop of 50 per cen t  la c t ic  ac id  per 
Petri d ish . Each d is e a s e d  node, in ternode, bottom and top end  of 
the  se e d  p ieces  was p la ted  in a separa te  d ish , by using  two plugs of 
the f i rs t  and four to five plugs of the other t i s s u e s  re sp e c t iv e ly .  The 
Petri d ishes  were then  incubated  for s ix  days in a con s tan t  tem pera­
ture room a t 70° F . ,  a fte r  which they  were examined and outgrowing 
organism s recorded .
The sam e number of s ta lk s  of all the  v a r ie t ie s  u sed  in the  1958- 
1959 experiment were p lan ted  in a second  loca tion  of the sugarcane  
experimental farm. Additional inoculum of Phytophthora was a lso  
added to th is experim ent. The c an e s  were not dug for exam ination, 
however, but were le f t  in the ground to s e e  w hether any appreciab le  
difference in s tan d  would appear the following sp ring . No shaving 
or offbaring was p rac t iced  in th is  experim ent. Unfortunately, the 
P .O .J .  and C o . v a rie tie s  in the in fes ted  so il  were covered  up with an 
additional 3 fee t  layer  of soil from an unforseen d itching p ro jec t,  so 
th a t  no da ta  cou ld  be obtained  from those  v a r i e t i e s . The, s tand  count 
was s ta r te d  on April 15, 1959 and was continued a t  monthly in te rvals  
until July 15.
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In order to ch eck  the  amount of Phytophthora s e e d  p iece  rot 
under na tura l co n d it io n s ,  w ithout add itiona l so i l  in fe s ta t io n ,  a  survey 
w as  made in  the  su g a rcan e  belt of L ou is iana  during the  spring of 1958. 
W herever gap s  appeared  in  the rows of p lan t can e ,  the  ungerm inated 
s e e d  p iec es  were dug, w ash ed  in  the  g reenhouse  upon return  and  then 
ta k e n  into th e  labora to ry  for a c lo s e r  exam ina tion . The in te rnodes  to 
be p la ted  w ere  su rface  s te r i l iz e d  w ith m ercuric ch lo ride  and ca lc ium  
h y po ch lo r i te ,  as d e sc r ib e d  before , a fte r  w hich  p la t in gs  were made on 
oa tm eal agar  and a ll  d ish e s  were s to red  in the  co ld  room (70° F . ) .
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EXPERIMENTAL RESULTS
Induction  of Fruiting S tructures and D escrip tion  
of the "S terile"  Phytophthora I so la te
Upon exam ination  of the o a ts ,  on w h ich  the  " s te r i le "  Phytophthora 
i s o la te  was growing abundan tly , by sc rap ing  a small amount of su rface  
t i s s u e  with the fungus and p lac in g  it  on a s l id e  under the m ic roscope , 
a  la rge  number of oospores  w as observed  (Plate VIII, F ig . 1). This 
finding s t im u la ted  add itiona l exam ination  and when the  oat g r a in s , 
covered  with the fungus, were in turn  p la c e d  in d ishes  with s te r i le  
w ater , many spo rang ia  and chlam ydospores were produced w ith in  48 
hours (Plate IV, Fig. 1). I t was found, th a t  the number of sporang ia  
was even  more abundan t, when the  oa ts  w ere  p laced  on wooden rods in 
large  f la sk s  f i l led  with r e g u la r  tap  w ater in s te a d  of s te r i le  w a te r .  W hen 
th is  " s te r i le "  i so la te  was grown on oatm eal agar  or on any o ther  cu ltu re  
medium, no fru iting  s tru c tu re s  were ever o b se rv ed ,  w ith  the ex cep tion  
of some chlam ydospores in w a ter , which f a c t  confirms the  findings of 
prev ious workers (71, 7 5 )/
Since many in v es tig a to rs  have  u se d  d ifferent words for the same 
term in the d escr ip tio n  of an organism , w hich  often r e s u l te d  in m is­
unders tand in g , a ll  terms u se d  in the follow ing d escr ip t ion  and id e n t i f i ­
ca t io n  of th is  Phytophthora i s o la te  are accord ing  to th e  l a t e s t  s tandard  
term inology of th is  genus a s  p roposed  by Blackwell (11).
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The young mycelium was ty p ic a l ly  co en o cy tic  but h a s  been  ob­
served  to become se p ta te  with a g e .  The hyphae are ty p ic a l  of the 
genus Phytophthora , being very va riab le  in d iam eter , even  a long the 
sam e hypha, and p o s s e s s in g  numerous hyphal sw e l l in g s .  The d iam eter, 
exclud ing  the sw e l l in g s ,  v a rie s  from 1 .7 - 5 .  lu ,  w ith  an average  of 3 .2 u .
The sporang ia  are borne on long sporangiophores (50 -  200u), 
many m easuring over 40Ou in leng th  (Plate IV; P la te  V., A). Only o c ­
cas io n a l  branching of the  sporangiophore w as o b se rv ed .  The in te res t in g  
feature  obse rved  was th a t  a  s in g le  sporangiophore had  an e x c e s s iv e  
amount o f pro liferation  which w as of the  ex tended  type , producing a 
new sporangium a short d is ta n c e  ahead  o f the  old empty o n e . As many 
as  6 empty sporang ia  have  been  observed  on one sporang iophore . A few 
p ro life ra tions were found to be of the  "n es ted "  type  (Plate V, B). The 
sporangiophores were never found to be of the  compound sym podial type 
(P. in fe s ta n s  or P . p h a se o l i ) or of the sim ple  sym podial type  c h a ra c te r ­
i s t ic  of P . cactorum  (11).
The sporang ia  are ovoid to  bluntly  e l l ip so id  in sh ape  and have 
inconsp icuous p a p il la e  (Plate V, C ) . They range in  s iz e  from 20-39u 
in width and from 27-56u in  len g th ,  averag ing  27 x  42u (average of 75 
m easurem ents) .  They germ inate most frequen tly  by the production  of 
z o o sp o re s ,  w hile  o c c a s io n a l ly ,  a lso  d irec t  germ ination w as observed  
by the production of one germtube through the  germ pore or opened 




Typical ovoid n o n -p ap il la te  sporangia  of P . 
megasperma on long sporangiophores with 
abundant p ro life ra t io n .
PLATE V
x 5 00
Camera luc ida  drawing of sporangia  and 
zoospores  of P. m egasperm a.
A. typ ica l  long sporangiophore
B. pro lifera tion  of sporangiophore
C . n o n -p ap il la te  sporangia
D. d irec t sporangial germination
E. germ ination by zoospores
F. e n cy s te d  zoospores
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germtube o bserved , as has  been  reported to be the  c a se  in_P_. cryptogea 
(64), P . megasperma (28) and P . te r re s tr is  (73).
The libe ra t ion  of zoospores  was often observed  and occurred in 
a manner typ ica l for the genus Phytophthora (Plate IV, Fig. 2), without 
the production of an em iss ion  tube ending in a  v e s ic le  into  which the 
undifferen tia ted  m ass of p ro top lasm  is d ischarged , c h a rac te r is t ic  of 
the genus Pythium . In a few  c a s e s ,  however, the  zoospores were 
observed  to s t ick  momentarily to the mouth of the  sporangium in an 
ev an e sce n t  "v e s ic le ,  1 before bursting  forth a ll  a t  once, a condition 
which has  a lso  been  d escr ib ed  for P . cactorum (98). The wall of th is
i ---------------------------------
v e s ic le  is  rea l th in  and is  d ifficu lt to observe . The number of zoo­
spores from one sporangium varied  from 12 to a s  many as 45. They 
were irregular in shape  a t  f i r s t  but became perfec tly  round afte r  a 
short swarming period and m easured  7-10u (average 9u) upon e n c y s t -  
ment, u su a l ly  occurring along the  hyphae of the  mycelium.
The chlam ydospores were ty p ica lly  in te rca la ry  and with a few 
excep tions perfec tly  sp herica l in sh a p e ,  ranging 2Q-45u (average 36u) 
in s iz e  (average of 100 m easurem ents).  They were observed  to 
germ inate with 1-7 germ tubes, but most commonly with 3 -4  germ- 
tubes (Plate VI, F ig. 1; P la te  VII).
Besides ch lam ydospores , hyphal sw ellings were observed  in 
abundance, which in some c a s e s  resem ble the  former very c lo se ly .





In te rca la ry  ch lam ydospores and hyphal s w e l l ­
ings of P^_ m eg asp e rm a .
PLATE VII
x 5 0 0
Camera lu c id a  drawing of ch lam ydospores 
and hyphal sw ell in gs  of P . m egasperm a.
38
cu t off from the hyphae by a septum , as  was the c a se  for the chlam y­
dospores (Plate VII).
In regard to the sexual fruiting s tru c tu re s ,  oogonia and oospores 
were observed  in abundance as s ta te d  before . All s iz e s  reported  for 
the  sexual fruiting s truc tu res  are an average of 100 m easurem ents .
The oogonia were spherica l in shape and ranged from 25-41u to 
26-42u in  s iz e ,  with an average of 35u. The an therid ia  were u sua lly  
paragynously  a ttach ed  to the oogonia but severa l of th e se  male s t ru c ­
tu res  were observed  to be amphigynous in nature (Plate IX). In the 
l a t te r  c a s e  they were a ttach ed  c lo se ly  to the s ta lk  of the oogonium 
and were often hard to d is t in g u ish .  The an therid ia  were from 12-15u 
in width and from 12-22u in leng th , and averaged  13 x  15u.
The oospores are perfec tly  sp h e r ica l ,  p lero tic  and m easure from 
18-38u to 20-37u (average 31u) in  s iz e .  They conta in  a th ick  endo- 
spo re , up to lOu in width (Plate VIII, F ig. 2 and 3). Germination of 
oospores was not observed  in th is  s tudy .
The above m entioned m easurem ents of the Phytophthora iso la te  
from sugarcane confirm those  found by previous workers ra ther c lo se ly .  
Sanchez (71) reported  chlam ydospores with an average of 38u, while 
Singh (75) gave the following ranges: sporangia  28~76u, oogonia 





Antheridia, oogonia and oospores of P. meqasperma
PLATE IX
x 1170
C am era luc ida  drawing of an therid ia  and oog'onia 
of P . m eqasperm a.
A. amphigynous an therid ia  
B . paragynous an therid ia
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Id en tif ica t io n  of the Principal Phytophthora  Spec ies  
C a u s in g  Seed P iece  Rot of Sugarcane
The g en u s  Phytophthora w as e re c te d  by de Bary (25) in 1876, 
th rough  his s tu d ie s  on th e  d e s tru c t iv e  po tato  b light fu n g u s , Phytoph­
th o ra  i n f e s ta n s . Since th a t  d a te ,  many new  sp e c ie s  have  been  d e ­
sc r ib e d  in th e  genus w h ich  now to ta l s  about 72 s p e c ie s .  Severa l keys 
h a v e  been p u b lish ed  of Phytophthora  sp e c ie s  p re sen t  in  d ifferent 
c o u n tr ie s ,  l ik e  those  reco rd ed  in North America by W ilson  (97), in  
M a la y a  by Thompson (81), in Argentina by Frezzi (38) and in the British 
I s l e s  by W aterhouse  an d  Blackwell (93). Some monographic works on 
th e  genus, u se fu l  for the  id en t if ic a t io n  of Phytophthora s p e c ie s ,  have 
b e e n  pu b lish ed  by Rosenbaum (70), Tucker (85) and Leonian (53), while 
re c e n t ly ,  W aterhouse  (9 0) made a com pila tion  of d e sc r ip t io n s  and i l lu s ­
t r a t io n s  of a l l  p rev ious ly  recorded  sp e c ie s  of Phy toph thora , including  
f ig u res  from th e  original pap e rs ,  w hich work is  very v a lu ab le  for id e n t i ­
f ic a t io n  p u rp o se s ,  s in c e  many of th e s e  orig ina l pu b lica tio n s  are not 
r e a d i ly  a v a i la b le  today.
In order to  identify  the  p rin c ip a l  Phytophthora s p e c ie s  re sp o n s ib le  
for s e e d  p ie c e  rot of su g a rca n e ,  a  rev iew  w as made o f a ll  known sp e c ie s  
of th e  genus P h y top h th o ra . After e lim ina tion  of a ll tw ig , le a f  and fruit 
pa thogens from the l i s t  o f  about 72 d esc r ib ed  s p e c ie s ,  there  are about 
20 sp e c ie s  l e f t  which are  known to  c a u se  a ro tting  of ro o ts ,  corm s, 
tu b e rs  or o th er  underground parts  of p la n ts .  Of th e s e  20 s p e c ie s ,
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many are known to a ttack  sp ec if ic  h o s ts  only, l ik e  P. quin ine  a on 
c inchona  (23), P .  primulae on primula and po lyan thus (8 2) and P . 
r ich a rd iae  on arum l ily  (13).
After com parison  of typ ica l m orphological c h a r a c t e r i s t i c s ,of the 
rem aining  Phytophthora roo t p a th o g en s ,  it w as found tha t  the  sp e c ie s  
P . cinnamomi R ands, _P. c ryp togea  Pethyb . 6c L a f f . , _P_. d rec h s le r i  
Tucker and ]?. m eqasperm a Drechs . show ed the  c lo s e s t  resem b lan ce  
to the  Phytophthora i so la te  from su g a rc a n e .  A lso P. erythro  se p t ic  a 
Pe thyb . was u se d  for com parison , s in c e  th is s p e c ie s  had  a lready  been  
d e sc r ib e d  from sugarcane  a s  a l e s s  v iru lent pa thogen  of s e e d  p iece  rot 
(71, 78). A com pila tion  of th e s e  c h a ra c te r i s t ic s  is  p re se n te d  in Table I .
The firs t  re a so n  why the  four sp e c ie s  m entioned above were 
s e le c te d  for com parative  s tu d ie s ,  i s  the  fact th a t  a ll sp e c ie s  are 
c h a ra c te r iz e d  by having n o n -p a p i l la te  spo rang ia ,  produced on 
sporangiophores w hich pro life ra te  by resuming growth through the 
base  of o ld  e v a c u a te d  sporang ia , to  produce new  ones some d is tan c e  
ahead  (85, 90). In  add ition , P . m eqasperma and_P_^ cinnamomi are 
c h a ra c te r iz e d  by the  formation of long sporangiophores m easuring  
m ostly  50-200u or more in len g th  (28, 90), These three ty p ic a l  
sp o rang ia l c h a ra c te r is t ic s  have  a lso  defin ite ly  been  o bserved  in the 
Phytophthora i s o la te  from su g a rca n e .  I t  can a l s o  be seen  from Table I, 
tha t  the  widths of the  sporang ia  of the  sugarcane  iso la te  fa l l  in  the 
range of those  g iven  for P_. cinnamomi and £ .  m eqasperm a, the  la t te r
Table I .  Comparison of m orphological c h a ra c te r is t ic s  and m easurem ents of fruiting s truc tu res  of different 
Phytophthora sp e c ie s  w ith the un iden tified  Phytophthora i so la te  from su g a rcan e .
Fruiting Structures (Sizes in u)
Phytophthora
sp e c ie s Authority Sporangium
Chlam ydo- 






P . e ry th rosep tica Pethyb. 20 x  32 unknown amphigynous 29-30 (63)
P . d rechsle ri Tucker
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24-50 10-15 amphigynous 31 25 (64)
P . megasperma D re c h s .
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paragynous & 






















* iso la te  from sugarcane
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having a w ider range however. The sporangia  of P . cryptogea and 
P. d rechsle ri  on the  other hand are much sm aller in width {aver. 21u).
cinnamomi is  d is t in gu ished  from the o ther sp e c ie s  by the pro­
duction of typ ica l terminal ch lam ydospores , while those  of ]?, 
meqasperma and the sugarcane  iso la te  are defin ite ly  in te rca la ry  only. 
Upon exam ination of the sugarcane  i s o la te ,  Zentmyer (100) concluded  
tha t  i t  was defin ite ly  not P_, cinnam om i. Chlam ydospores have not 
been  reported from P . e ry th ro se p t ic a , P . d rech s le ri  or_P. c ry p to g e a .
Also the hyphal sw ellings of P_. cinnamomi are different, being pro­
duced a s  large  spherica l bodies in crowded c lu s te r s ,  a s  compared to 
the sm aller s ing le  sw ellings of P. c ryptogea  and P. e ry th ro se p t ic a , 
which are u su a lly  produced in cha ins  {11, 85). The la t t e r  have a lso  
been termed " sphaero -co n id ia"  by Lafferty and Pethybridge (49). In 
the sugarcane i s o la te ,  on the other hand, the hyphal sw ellings are 
much more iso la te d  and are sm aller  in s iz e  than  the sw ellings  of 
cinnam om i, but larger than  those  of P. c ryp togea .
In  comparing the sexual fruiting s truc tu res  of th e se  Phytophthora 
s p e c ie s ,  i t  will be noted from Table I, th a t  P . e ry th ro se p t ic a , _P. 
d rechsle ri  and £ .  cryptogea produce only amphigynous an therid ia , 
while those  of P. meqasperma have been found to be of both the 
amphigynous and paragynous type . D rechs ler  (28) reported  in the 
original descrip tion  of th is  s p e c ie s ,  tha t in 35 out of 100 c a s e s  the 
an therid ia  were amphigynous, the re s t  being paragynous. In the la t te r
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c a s e ,  they  are u su a l ly  a ttached  n ear  the  s ta lk  of the  oogonium, which 
w as a lso  found to be true in the p resen t  study of the sugarcane  i s o la te .
O ospores have  seldom been observed  in P . c innam om i. Ashby (6), 
however, did find some in old oatm eal agar c u l tu re s .  P_. e ry th ro sep tica ,  
P_. d rechs le ri  and P. cryptogea have sm aller oogonia and consequen tly  
sm aller oospores than  P_. m eqasperm a. The sugarcane i s o la te ,  how­
ever, has  oogonia and oospores s l ig h tly  larger in s ize  than  the three  
sp e c ie s  ju s t  m entioned, but a lso  sm aller than P . m eqasperm a. The 
iso la te  from sugarcane  was a lso  found to resem ble  P. meqasperma in 
having a ra the r  th ick  endospore in the oospore .
At th is  point, i t  can be seen  without much doubt, th a t  the 
" s te r i le "  Phytophthora iso la te  from sugarcane is  m orphologically d i s ­
tinc tly  d ifferent from P . cinnam om i, P . e ry th ro se p t ic a , P . d rechsle ri  
and P_. cryp togea  and resem bles P . meqasperma m ost. Because of its  
n o n -p ap il la te  sporang ia , produced on long sporangiophores with ex ­
c e s s iv e  p ro life ra tion , combined with the formation of in te rca la ry  
ch lam ydospores , paragynous an therid ia  and oospores with a th ick  
endospore , the  Phytophthora i so la te  from sugarcane is  morphologically 
iden tified  as Phytophthora meqasperma D rechs le r .
C u ltu res  of the sugarcane iso la te  were se n t  for iden tif ica tion  to 
two of the w orld 's  lead ing  au thorities  on the genus Phytophthora , Dr.
J. T. Barrett in Berkeley, C alifo rn ia  and M iss Grace M. W aterhouse 
a t the Commonwealth M ycological In s t i tu te  in Kew, England. In h is
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exam ination  of th is  suga rcan e  i s o la te ,  Barrett (9) a ls o  found many 
paragynous an th e r id ia ,  numerous ch lam ydospores and abundant pro­
l ife ra t ion  of the  sporangia  and su g g e s te d  to ca l l  th e  i so la te  
Phytophthora  m iyabeana (Pythiomorpha m iyabeana Ito  & N a g a i ) .
The g en u s  Pythiomorpha was e re c te d  by P e te rs e n  (13) in  1910, 
w ith  one s p e c ie s  rep re sen tin g , P . g o n ap ody ides , on  account of the 
f i r s t  ob se rv an ce  of sporangia l p ro life ra t io n . In 1931, Ito and  Nagai 
(91) reported  two sp e c ie s  of Pythiomorpha from r ic e  se e d l in g s  in  Japan , 
one being P . m iy ab ean a . Since then , Buisman (13) inc luded  P. 
gonapody ides in the genus Phytophthora as  Phytophthora gonapodyides 
(Petersen) B u ism .,  while W aterhouse  (91) su g g e s te d  recen tly  to p lace  
Pythiomorpha m iyabeana in synonymy with Phytophthora megasperma 
D re c h s . She compared a cu ltu re  of Pythiomorpha m iyabeana  with an 
i s o la te  of J?. megasperma d e sc r ib e d  by Tompkins and  h is  co -w orkers  
(84) from a roo t rot of cau lif low er in C alifo rn ia  and  a lso  w ith  
Phytophthora  iso la te s  repo rted  from soybean  roots in  Ontario  and from 
p each  roots in  New South W a le s ,  and came to the  co n c lu s io n  that 
there  was no apprec iab le  d ifference  betw een them ex cep t for sm aller 
s iz e d  oogonia  and co n seq u en tly  sm a lle r  o o sp o re s .  Tompkins e t  a l .
(84) reported  oogonia with a range of 3 6 -5 2u (average 43u) a s  com­
pared  with th e  average 47u of the type culture  id en tif ie d  by D rechs le r  
(28), while Pythiomorpha m iyabeana  had  oogonia w ith  an average
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diam eter of 38u, ranging from 32-46u (91). These la t te r  m easure­
ments a lso  fit the range and average of the oogonia of the sugarcane 
i s o l a t e .
Upon exam ination of the Phytophthora iso la te  from sugarcan e , 
W aterhouse  (9 2) s ta te d  tha t  a lso  th is  i so la te  seem ed to  be a sm all -  
spored form of Phytophthora m eqasperm a, which conclusion  in turn 
confirms independently  Barrett's iden tifica tion  of the  sugarcane  iso la te  
m entioned b e fo re .
C ultures of the JP. meqasperma iso la te  from sugarcane  have been 
sen t  for permanent deposit  in the American Type Culture  C o llec tion  
( A .T .C .C .) ,  W ashington, D. C . and in the  C entraa l Bureau voor 
Schimmelcultures (C .B .S .) ,  Baarn, The N e th e r lan d s .
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Growth-Tem perature Relation S tudies
The e ffec t of tem perature  on the growth of the  suga rcane  
Phytophthora i so la te  was m easured  by recording  every  o ther  day the 
d iam eter of a  co lony grown on po ta to  dex trose  agar .  T hese d a ta  were 
com pared with those  ob ta ined  from other Phytophthora sp e c ie s  te s te d  
in a  s im ila r  m anner. The amount of growth of the  d ifferen t sp e c ie s  
a fte r  5 days is shown in  Graph 1. It can  be se en  im m ediate ly  th a t  
P_. c innam om i, P. e ry th ro sep tica  an d P. d rec h s le r i  grew  fa s te r  than  
the  o ther  sp e c ie s  at the  tem perature  range 15° -  30° C .  P^ c ry p to g e a , 
on the  o ther hand , gave the  l e a s t  amount of growth a t a ll  tem pera tures  
t e s te d ,  while_P. meqasperma grew  c lo se ly  p a ra l le l  to the Phytophthora 
i so la te  from su g a rcan e ,  with a l i t t le  more growth than  the  la t te r  a t 
tem pera tures  15° -  30° C .
The optimum tem perature  of the su g a rcan e  i s o la te  was found re ­
p e a ted ly  to be betw een 20° and 22° C . , w hile  in p la te  cu ltu re  th is  
i so la te  grew d ifferen tly  from all o ther sp e c ie s  t e s te d ,  in th a t  the  
fungus grew m ostly  subm erged in the agar with very l i t t l e  aeria l  
mycelium (Plate X). All sp e c ie s  t e s te d  were found to have  a s im ila r  
minimum and maximum tem pera tu re , with the ex cep tion  of_P. 
e ry th ro sep tica  which gave a good amount of growth a t  35° C .
These re s u l ts  confirm ra th e r  c lo se ly  th o se  found by o ther in v e s t i ­
g a to rs .  Tucker (85) reported  in h is  tem perature  s tu d ie s  of Phytophthora
o °s p e c ie s ,  th a t  P . cinnamomi grew b e s t  a t the  tem perature  range 20 -30  C . ,
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with an optimum a t 2 5 ° -2 7 .5 °  G. W ager (88), who s tu d ie d  two 
s tra in s  of P . c innam om i, one from avocado in South Africa and the 
o ther from c itru s  in Brazil, s ta te d  th a t  the  former had  i ts  optimum at 
25° C .  and the  la t te r  be tw een  28° and  31° C .  For]?. d re c h s le r i  and 
JP. e ry th ro se p t ic a .  Tucker (85) found the  optimum growth to be 2 7 .5 ° -  
3 2° C .  and  2 7 .5 °  C .  r e s p e c t iv e ly ,  but reported  the l a t t e r  sp e c ie s  as 
hav ing  no growth a t  35° C .  The d a ta  ob ta ined  in the  p re se n t  tem pera ­
ture  s tu d y , in r e s p e c t  to P . c ry p tog ea , how ever, confirm very c lo s e ly  
th o se  reported  by Erwin (34) and M iddleton (60) and h is  a s s o c ia t e s ,  
who reported  minimum tem pera tu res  of 8° and  1° C . ,  optimum 25° and 
2 2 ° -2 5 °  C . ,  and maximum 3 0 ° -3 3 °  arid 3 1 ° -3 4 °  C .  r e s p e c t iv e ly .
In r e s p e c t  to P. m eqasperm a, Jones (46) found in h is  study  on a 
root rot of sw ee tc lo v e r  c a u se d  by th is  s p e c ie s ,  th a t  in inocu la tion  e x ­
perim ents the  d i s e a s e  was equal in sev e r i ty  over a so il  tem perature  
range of 10° to 24° Q. W ager (89) s ta te d  th a t  P. m eqasperma from 
orange roots  had  an optimum rad ia l growth in cu ltu re  a t  19° C . ,  with 
a range from 4 ° -2 8 °  C . Singh (75), how ever, reported  in h is  s tudy  of 
sug arcane  s e e d  p iec e  ro t th a t  the " s te r i le "  Phytophthora i so la te  grew a t  
i ts  optimum a t 11° C .  in  p la te  c u ltu re .
An in te re s t in g  fea ture  of th is  tem perature  study  was found, when 
the  amount of rad ia l  growth was m easured  a fte r  10 and 30 days for the 
minimum and maximum tem peratures r e s p e c t iv e ly .  These da ta  are p re ­





















Com parison of average  radial growth of different Phytophthora 
sp e c ie s  with P . megasperma from su g a rcan e , in p la te  cu ltu res  
on potato  dex trose  agar ,  incubated  6 days at various tem p era tu re s .
PLATE X
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Com parison of average ra d ia l  growth of different Phytophthora 
s p e c ie s  with P. m egasperm a from su g a rcan e ,  growing on potato  
dex trose  agar , in cuba ted  5 days a t  20° C . From le f t  to r igh t,  at 
top: P_. d re c h s le r i , P_. e ry th ro se p tic a  and P_. cinnamomi; a t  
bottom: P. c ry p to g e a , P .  m egasperm a (from sugarcane) and 
P . m eg aspe rm a .
Table II. Comparison of average diam eters of m ycelial growth of different Phytophthora sp ec ie s
with P . meqasperma from sugarcane  in p la te  cu ltu res  on potato  dex trose  agar incubated  
10 and 30 days a t various tem pera tu res .
Average Colony D iam eter (mm)
Phytophthora  After 10 days__________________  After 30 days
sp e c ie s 5° 10° 15° 20° 25° 27° 30° 35° 5° CO o O 35°
P . cinnamomi 13 46 90 90 90 90 90 14 16 90 14
P. e ry th rosep tica 15 53 90 90 90 90 90 84 30 90 90
P. d rechsle ri 19 65 90 90 90 88 72 12 34 76 12
P. megasperma 21 70 90 90 90 74 55 12 50 80 12
P. megasperma* 26 59 82 90 72 39 24 13 51 30 13
P. cryptogea 12 30 46 50 49 44 30 12 17 50 12
* iso la te  from sugarcane
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a fa ir  amount of growth after 1 month incubation  at 5° C . ,  as  compared 
to the o ther 4 Phytophthora sp e c ie s  te s te d .  This finding shows again 
the  c lo se  iden ti ty  of the sugarcane Phytophthora i so la te  to the  type 
culture  of P_. m eqasperm a, and a lso  tha t th is  sp e c ie s  seem s to be well 
cap ab le  of survival and  growth a t  th is  low tem perature and consequen tly  
a t  the range of 5 ° -2 0 °  C . , which point is  in conformity with the fac t 
th a t  Phytophthora s e e d  p iece  rot is  most severe  when w inter tem pera­
tu res  are low .
The grow th-tem perature  re la tion  of P . e ry th rosep tica  and P. 
meqasperma in com parison with the sugarcane  i so la te  was t e s te d  on 5 
add itional cu lture  m edia at tem peratures of 10°, 20° and 32° C . After 
an  incubation  period of 6 day s , the colony d iam eters were recorded , 
which da ta  are  shown in Table III. It was found th a t  the two mineral 
m edia, C zapek  and Fries agar, were Unfavorable for growth of the 
Phytophthora i s o la t e s .  O atm eal, cornmeal and lim a bean agar were 
found to give about the  same amount of growth as  did potato  dextrose  
agar  .' P_. m eqasperm a grew again  c lo se ly  para lle l  to the sugarcane  
i so la te  on a ll  media u se d .
Upon exam ination of the inocu la ted  fruit in the  moist ch am b ers , it 
w as found th a t  both P_. megasperma and the  sugarcane  Phytophthora i s o ­
la te  were no n -pa thogen ic  to eggp lan t, w eakly  pathogenic  to a p p le s ,  
while both produced a slow , brown lea the ry  rot in o ranges . Gooi and 
T assinari  (39) reported from I ta ly ,  tha t  P. m eqasperma, i so la te d  from
Table III. Comparison of average  diam eters of m ycelial growth of P . e ry th ro sep tica  and P_. meqasperma with 
P . meqasperma from su g a rcan e , in p la te  cu ltu res  on d ifferent media incuba ted  6 days a t  10°,
20° and 3'2P C .
Phytophthora
sp ec ie s












„~o20 3 2° 10° 20° 32° O 0
ooC
M 3 2° H-* O O 20° 3 2° 10° 20° 3 2°
P . e ry th rosep tica 48 89 90 33 90 83 38 90 90 18 23 29 11 28 29
P. meqasperma 20 64 10 13 24 10 18 60 10 14 18 10 15 17 10
P. meqasperma* 39 74 32 12 16 22 32 68 20 19 33 13 19 22 14
* iso la te  from sugarcane
Cn
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p e ac h  t r e e s ,  did a lso  in fec t  app les  in in ocu la tion  experim en ts ,  while 
W ager (89) found, upon inocu la tion  of oranges and lem ons with_P. 
m egaspe rm a , the same type of brown ro t as w as o b se rved  in the p resen t  
s tu d y .  T hese com parisons seem  to in d ica te  ag a in  the c lo s e  re la t io n sh ip  
of the  sugarcane  Phytophthora i s o la te  to P . m eg asp e rm a .
In the p a tho gen ic ity  experim ent, in which P. m egasperm a, P_. 
e ry th ro se p tic a  and  the  suga rcan e  Phytophthora iso la te  were compared 
for th e ir  ab il i ty  to c a u se  s e e d  p ie c e  ro t ,  the c a n e s  were dug for e x ­
am ination  15 days a fte r  inocu la tio n  and the average  leng th  of the 
d is e a s e d  a rea  in the s e e d  p ie c e s  w as m easu red . The d a ta  are p re ­
s e n te d  in Table IV. It w as found in th is  t e s t ,  th a t  the su g a rcane  is o la te  
was about tw ice  as  v iru len t as P_. e ry th ro s e p t ic a , b a sed  on the  s iz e  of
Table IV. Com parative p a th o g en ic ity  of P_. e ry th ro se p tic a  and_P.
m egasperm a with P . m egasperm a from su g a rca n e ,  in seed  
p ie c e s  of the  v a r ie t ie s  C o . 290 and C .P .  34-120 , 15 days 
a f te r  ino cu la tion .
Sugarcane ___________ Length of D ise a s e d  Area (Cm.)______________
Variety P_. e ry th ro se p tic a  P_. m eqasperm a P_. m egasperm a*
C o . 290
C h eck  0 .0  0 ,0  0 .0
In o cu la ted  3 .7  5 .2  6 .2
C .P .  34-120
C heck  0 .0  0 .0  0 .0
Ino cu la ted  4 .4  6 .9  8 .8
*i sol a te  from sugarcane  .
the d is e a s e d  area  in the in te rn o d e s . This confirm s the re s u l ts  r e ­
ported  by prev ious in v es tig a to rs  of Phytophthora s e e d  p iece  rot (71,
75, 80). The type cu ltu re  of P_. m egasperm a w as a lso  o b se rved  to be 
more pa th ogen ic  than  P . e ry th ro se p t ic a ,  but only  s ligh tly  l e s s  than  the  
suga rcan e  i s o l a t e .  In com paring a ll  i s o la te s  on both sugarcane  
v a r ie t ie s ,  C o . 290 w as found to be l e s s  s u s c e p t ib le  to the  Phytophthora 
cu ltu res  than  w as C .P .  3 4 -1 20 . The d i s e a s e d  t i s s u e  of the  la t te r  
v a rie ty  had  the typ ica l  p ink  d isco lo ra t io n ,  w hile  in  the former the 
t i s s u e  was only w a te rso ak ed  in app ea ran ce .
Basic Seed P iece  Infection  S tudies
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When the  f i r s t  s e e d  p ie c e s  w ere  dug from the in fe s te d  so i l ,  2 
w e ek s  a fte r  p lan t in g ,  i t  w as n o ticed  im m ediate ly  tha t  sev e ra l  of the  
y e t  ungerm inated  root primordia and some of the  buds were sw o llen , 
seem ing ly  in fe c te d  and show ing a d is t in c t  red  d isc o lo ra t io n .  A few 
w e e k s  la te r ,  many more of th e se  t i s s u e s  had  become in fec ted , in c lu d ­
ing a ls o  some of the le a f  s c a rs  (Plate XI and XII).
In order to keep an accu ra te  accoun t of the  probable  in c re a se  of 
in fec tio n  in l a t e r  exam ina tions , a coun t was made of the to ta l number 
of roo t primordia and buds and a lso  of the number of in fec ted  ones of 
the  two v a r ie t ie s  te s te d  in  th is  experim ent, N .C o .  310 and C .P .  3 6 -1 3 . 
The average  number of root primordia of one node of th e s e  v a r ie t ie s  was 
found to  be 65 for N .C o .  310 and 50 for C .P .  3 6 -1 3 . At the f i rs t  e x ­
am ination  of the se ed  p ie c e s ,  two w eeks a fte r  p lan ting , i t  was found 
th a t  out of 1300 root primordia (20 eyes)  of N .C o .  310 and 1000 root 
prim ordia  (20 eyes) of C .P .  36-13 , 82 and 52 h ad  become in fec ted  r e ­
sp e c t iv e ly .  B esides th is  in fec tion , a lso  6 buds of N .C o .  310 and 7 of 
C . P .  36-13 were found to  be d i s e a s e d .  These exam inations were co n ­
t in u e d  at 3, 5 , 7 and 9 w eeks a fte r  p lan ting  and  the percen tag e  in fec tion  
de te rm ined  c an  be found in  Table V.
It can  be seen  from th is  tab le  th a t  the pe rcen tag e  in fec tion  of both 
th e  root primordia and the  buds in c re a s e d  s u c c e s s iv e ly ,  reach ing  5 5 .5  
and  70. 0 per c e n t  re sp e c t iv e ly  for N .C o . 310 and 67 .9  and  80 . 0 per
c e n t  for C .P .  36-13 a fte r  9 w e e k s .  The pa thogen , P . m egasperm a was 
c o n s is te n t ly  r e - i s o la te d  from the  in fec ted  t i s s u e s  during the 5 s u c c e s ­
s iv e  exam in a tions . It was a lso  found in  th is  s tudy , tha t  there  was 
a lw ays a h igher pe rcen tage  of root primordia and buds in fec te d  of the 
v a rie ty  C .P .  36-13 th an  of N .C o .  310. None of the  root primordia 
and  buds of the  se e d  p ie c e s  u se d  for the  c h ec k s  were ever found to be 
in fec ted  and p la ting  of th e se  h ea l th y  t i s s u e s  only re su l te d  in some 
c u ltu res  of Fusarium .
By p la t ing  out the in ternal t i s s u e  of e a c h  node, a pe rcen tage  was 
ob ta in ed  of the  amount of in fec tion  in th e s e  t i s s u e s .  It can  be seen  
from the tab le  tha t  th is  pe rcen tage  was a lw ays low er than  the  p e rc e n t­
age  bud in fec tion , up to the exam ination  a t  7 w eeks a fte r  p lan t in g .  This 
c an  be e x p la in ed  by the  fac t  th a t  in the early  s tag e  of se ed  p iec e  in fec ­
tion  the fungus had p e n e tra ted  the  nodal region  ex te rn a lly , but had  not 
sp re ad  far enough in to  the seed  p ie c e ,  to be recovered  in te rn a lly  in 
th a t  p a r t icu la r  n o d e .
At 9 w eeks a fte r  p lan ting , the fungus had  not sp read  much farther 
than  the nodal region and  the in ternode of each  se e d  p iece  was s t i l l  
h e a l th y  and un invaded .
The m ost in te res t in g  phenomenon obse rved  in  th is  b a s ic  seed  
p iec e  in fec tion  study w as the fac t  th a t  the root primordia and buds of 
th e  se ed  p ie c e s  p lan ted  in in fe s te d  so i l ,  which had  e sc a p e d  in fec tion  
by the pa thogen , had  no t germ inated at a l l ,  w hile  th ose  in the ch eck s
PLATE XI
External infec tion  of root primordia, buds and lea f  sca rs  
of seed  p iec es  of the  varie ty  C .P .  36-13 , p lan ted  in  
s te r i l iz e d  so il  a r t i f ic ia l ly  in fe s te d  with P̂ . m eqasperm a. 
Top seed  p iece  from un in fes ted  so i l .
N ote: Third seed  p iec e  from le f t  shows early  sp read  of 
pathogen into in ternal cane  t i s s u e .
PLATE XII
External in fec tion  of nodal regions of seed  p iec es  of the v a r ie t ie s  C .P .  36-13 (l,eft) 
and N .C o .  310 (right), 7 w eeks after p lan ting  in s te r i l iz e d  so i l ,  a r t i f ic ia l ly  in fes ted  
with P. m eqasperm a. C hecks at extreme le f t  and righ t.
Note: Complete la c k  of germ ination of the se ed  p iec es  p lan ted  in  in fe s te d  so i l .
Table V. Percen tage  in fec tion .o f root primordia and buds and percen tage  bud germ ination of se e d  p iec es  of 
the v a rie tie s  N .C o .  310 and C .P .  36-13 , p lan ted  in s te r i l iz e d  so i l ,  a r t i f ic ia l ly  in fes ted  with 
P_. m eqasperm a.
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N .C o .  310
C . P . 36-13
N .C o .  310
C . P . 36-13
N .C o .  310
C . P . 36-13
N .C o .  310
C . P . 36-13
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0 . 0  1 2 . 0  
0 .0  17 .1
0 . 0  2 2 . 6  





0 .0  30 .0  
0 .0  35 .0
0 .0  35 .0
0 .0  40 .0
0 .0  5 5 .0









0 .0  25.0
0 .0  15.0
0 . 0  2 0 . 0  
0 .0  25.0
0 .0  5 5 .0
0 .0  5 0 .0
0 .0  9 0 .0
0 .0  70 .0
0 . 0  1 0 0 . 0  





25.0  0 .0
30 .0  0 .0
30 .0  0 .0
5 0 .0  0 .0
70 .0  0 .0
7 0 .0  0 .0
70 .0  0 .0
80 .0  0 .0
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sta rted  germinating 3 weeks a fte r  p lan ting . After 7 w eeks , both va rie ­
t ie s  p lan ted  in n o n - in fes te d  so i l  had 70 .0  per c e n t  of the buds 
germ inated, while the ir  root sys tem  w as quite abundant (Plate XII).
The varie ty  C .P .  36-13 , however, was found to  be somewhat advanced 
over N .C o .  310 in  the  to ta l amount of shoot and  root developm ent.
Preliminary experim ents , in which seed  p ie c e s  were p laced  in 
f la sk s ,  with one end submerged in a f iltered  cu ltu re  liquid  of_P. 
m eqasperm a, did give some ind ica tion  that a tox in  might be produced 
by the fungus. Additional experim entation will undoubtedly be n e c e s ­
sary  to t e s t  th is  h y p o th es is .
In order to study the ra te  of spread  of Phytophthora in sugarcane 
seed  p ie c e s ,  the fungus was p lac ed  in s ide  the c a n e  as d e sc r ib ed  before, 
after which the s e e d  p ieces  were p lan ted  in c rocks  with s te r i l iz e d  so i l .  
Five s u c c e s s iv e  exam inations were made of the se e d  p ie c e s ,  each  
tes ting  c o n s is t in g  of 20 inocu la ted  and 10 check  se ed  p ie c e s .
The firs t  exam ination was made 10 days a f te r  p lan ting , and upon 
sp li tt ing  of the se ed  p ieces  a good picture  was ob ta ined  of the spread  
of the p a thogen . The in ternodal t i s s u e  in the v ic in ity  of the oa t grain 
conta in ing  the fungus, had a w a tersoaked  appearance  while the t is su e  
at the extreme edges  of the in fec ted  area  had a redd ish  pink d isco lo ra ­
tion . The to ta l leng th  of th is  d i s e a s e d  area w as m easured , while a note 
was made of the d isco lo ra tion , which procedure w as repea ted  in the l a te r  
exam inations at 15, 20, 30 and 50 days after inocu la tio n . These data
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are  p re sen te d  in Table VI.
At 15 days a fte r  inocu la tion  of the  se e d  p ie c e s ,  the  w a te rsoaked  
a rea  had become tw ice a s  la rg e ,  w hile  the to ta l  amount of d isc o lo ra ­
tion  had  about reached  the nodal t i s s u e s  of the  se e d  p ie c e s .  After 20 
d a y s ,  the  w a te rso ak ed  a re a  had  changed  to  a  l igh t purple co lo r , which 
in d ic a te d  a s ta r t  of ac tua l  t i s s u e  de te r io ra tion  (Plate XIII).
At 30 days a fte r  in o cu la tio n , th is  purple color had  become 
deeper  in t in t ,  accom panied  by a strong e th e r - l ik e  odor, while a f te r  50 
days  the edg es  of the d is e a s e d  a rea  had  sp re ad  w ell p a s t  the nodal 
reg ions and  in to  the  ad jacen t in tem o d es  of the  seed  p ie c e s .  The t i s s u e  
of the o rig inal in tem ode  had  de te r io ra ted  to a g rea t  e x te n t ,  re su l t in g  in 
a la rge  c a v i ty .  It was a ls o  n o ticed  th a t  th is  purple d isco lo ra tio n  and 
breakdown of the  in ternodal t i s s u e  occurred  fa s te r  in the  va rie ty  N .C o .
310 than in C . P . 36-13 (Plate XIV).
The Phytophthora i s o la te  w as c o n s is te n t ly  r e - i s o la te d  from the 
w a te rso a k ed  and redd ish  d isco lo red  a reas  of the se e d  p ie c e s ,  but hardly 
ev e r  from the  a reas  w ith the  ty p ica l  purple d isc o lo ra tio n ,  which fac t  
w ill  be d i s c u s s e d  in more de ta il  in the l a s t  c h a p te r s .
In c o n tra s t  to  the finding m entioned befo re , th a t  the  un in fec ted  
root primordia and buds of the  s e e d  p ieces  p lan ted  in in fe s te d  so i l ,  
never  germ inated , i t  w as found in  th is  experim ent th a t  some germ ination 
did  o ccu r. The amount of germ ination , how ever, of th e s e  in o cu la ted  
s e e d  p ie c e s  50 days a fte r  p lan ting , was only 20 .0  per cen t  for N .C o .  
310 and 35. 0 per  cen t  for C .P .  36-13 , as  com pared to  6 0 .0  per  cen t  
and  80 .0  per c e n t  for th e ir  re sp e c t iv e  c h e c k s .
Table VI. P rogress ive  sp read  of Phytophthora in se e d  p ieces  and percen tage  bud germ ination of the varie tie s  





of Appearance of % Bud Germination
After Planted Phytophthora D ise a se d  Area C .P . 36-13 N .C o . 310
Inoculation C heck Inoc. (in cm.) C enter Edge C heck Inoc. C heck In o c .
10 days 10 20 8 .0 w atersoaked Pink 0 .0 0 .0 0 .0 0 .0
15 days 10 20 12.0 w atersoaked
Reddish
Pink 10.0 0 .0 0 .0 0 .0
20 days 10 20 14.0 ligh t purple Red 20.0 0 .0 30 .0 5 .0
30 days 10 20 16.0 purple Red 50 .0 10.0 50 .0 15.0
50 days 10 20 20.0 deep purple
Reddish




In te rna l sp read  of Phytophthora  in s e e d  p ie c e s  of the v a r ie t ie s  
C .P .  36-13 (top) and N .C o .  310 (bottom), a r t i f ic ia l ly  inocu­
la te d  w ithJP . m eq asp e rm a . From le f t  to  right: check; 20 and 
30 days  a f te r  in o c u la t io n .
PLATE XIV
Com parison of the sev e ri ty  of Phytophthora rot 
in se ed  p ieces  of the  v a r ie t ie s  C .P ,  36-13 (left) 
and N .C o .  310 (right), 30 days a fte r  inocu lation  
with P_. m egasperm a. C h ecks  a t  extreme left 
and r ig h t .
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Com parative  S u scep tib i l i ty  of the  V arieties 
P .O .J .  213, C o . 290 and C .P .  36-13 
to Red Rot and Phytophthora Rot
This experim ent was s e t  up in  order to get some id ea  of the r e la ­
t iv e  s u s c e p t ib i l i ty  of the v a r ie t ie s  P .O . J .  213, C o . 290 and C .P .
36-13 to red rot and Phytophthora ro t .  The f i r s t  two v a r ie t ie s  were 
of much im portance  in the  v a rie ty  program of the L ou is iana  sugar in ­
du stry  until the  1930 ':s and 1940 's r e s p e c t iv e ly ,  when both v a r ie t ie s  
were rep la ce d  by the  b e tte r  hybrids produced a t  C anal Poin t, F lorida.
Since at th a t  t im e , P .O .J .  213 and C o . 290 were found to  be very s u s ­
c e p t ib le  to red  ro t,  while Phytophthora rot was not known in th ose  d a y s ,  
i t  w as  thought to be of in te re s t  to t e s t  th e se  two v a r ie t ie s  in com parison 
w ith  C .P .  3 6 -1 3 , the  va rie ty  th a t  show ed such  poor s tan d s  in 1947 and 
1948, and from w hich Phytophthora w as iso la te d  in abund ance , which in 
turn  w as c o n s id e re d  to be the  ch ie f  c a u s e  of the  s ta n d  fa i lu re .
The s e e d  p ie c e s ,  u s e d  as  en tire  s ta lk s  of about 4 fe e t  in len g th , 
were p lan ted  in  the  boxes with s te r i l iz e d  so il  and  acco rd ing  to the r e ­
quired  trea tm en t, as  d e sc r ib e d  befo re .  Half of the  s ta lk s  were dug and 
s p l i t  for exam ination  3 months a f te r  p lan ting  and the  o ther  ha lf  a fte r  4 - 1 /2  
m onths . The d a ta  of th e s e  two exam ina tions were com bined and are p re ­
se n te d  in Table VII.
From th e s e  da ta ,  a com parison  c an  be made be tw een  the pe rcen tag e  
d is e a s e d  in te rnodes  and the pe rcen tage  bud germ ination . The c h eck s  for 
a ll  th ree  v a r ie t ie s  had  the lo w e s t  p e rcen tag e  of d is e a s e d  in ternodes
Table VII. Com parative p a thogen ic ity  of Phytophthora megasperma and P hysalospora  tucum anensis  in se ed  
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P lan ted
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N o . Shoots 
Above 
. Ground
No. Iso la tions  
Made From
% C ulture  O btained  
Phytophthora P hysalospora
No % Nodes In te rn . Nodes In te rn . Nodes In te rn .
P .O .J .  213 I 59 3 5 .1 52 .8 6 4 12 0 .0 0 .0 75 .0 8 .3
II 58 40 69 .0 29 .4 2 32 63 0 .0 0 .0 43 .8 15.9
III 63 10 15.9 42.3 3 12 41 25.0 22.0 0 .0 00 .0
IV 61 50 82 .0 20.0 0 65 123 43.1 4 7 .2 6 .2 0 .8




46 . 2 10 4 8
oo oo
100.0 75. 0
II 57 46 80.7 16.7 3 45 123 0.0 0 . 0 17.8 5 . 0
III 58 6 10.3 39 . 4 8 18 40 66. 7 35. 0 33.3 27.5
IV 57 49 86.0 9 . 2 0 72 135 38. 9 30 . 4 0 . 0 7 . 5




0 .0 0 .0
II 60 37 61 .7 34 .8 3 35 90 0 .0 0 .0 3 1 .4 6 .7
III 57 22 38 .6 29 .4 2 32 55 71 .9 7 6 .4 0 .0 0 .0
IV 61 49 80 .3 20.0 0 82 1-54 43 .9 3 6 .4 8 .5 4 .5
I = C heck
II = se ed  p ie c e s  inocu la ted  with Physalospora  tucum anensis
III = se e d  p iec es  p lan ted  in so il in fes ted  with Phytophthora megasperma




{0.0 -  5.1%) and the  h ig h es t  p e rcen tag e  germ ination  of the buds , 
ranging from 4 6 .2  pe r  cen t for C o . 290 to  59 .7  p e r  cen t for C . P .  36 -13 . 
Also the  number of shoo ts  appearing  above the ground at the  seco nd  
exam ination  of the s e e d  p ie c e s ,  4 -1 /2  months a f te r  p lan ting , is  in 
c lo s e  co rre la tion  w ith the pe rcen tag e  bud germ ination .
As w as to  be ex p ec te d ,  C . P .  36-13 was found to be the  most s u s ­
c ep tib le  'variety  to  Phytophthora ro t, w hile  C o . 290 was the w orst in 
re s p e c t  to red  ro t .  In the indiv idual red  rot (II) and  Phytophthora rot (III) 
t rea tm en ts  in th is  experim ent, C .P .  36-13 re s u l te d  in 6 1 .7  per  cen t (II) 
and  38 .6  per cen t  (III) of the in te rnodes d i s e a s e d ,  w hile  C o . 290 had  
8 0 .7  per cen t  (II) and  10.3 per  c e n t  (III) d i s e a s e d  in te rn o d es .  The p e r­
cen tag e  d is e a s e d  in te rnodes  for the v a rie ty  P .O . J .  213 fe ll  in betw een  
th o se  ju s t  reported  for C o . 290 and C .P .  36 -13 , for both the  red  rot and 
Phytophthora  rot t re a tm e n ts .  The recovery  of the  pe rcen tag e  Phytophthora 
cu ltu res  from d is e a s e d  t i s s u e ,  how ever, was co n s id e rab ly  low er for 
P .O . J .  213 than  for e i th e r  C o . 290 or C .P .  36 -13 .
In order to  be more ce r ta in  of the ac tu a l  p re se n c e  of th e  fungi 
c au s in g  red  rot and Phytophthora rot in th e s e  d i s e a s e d  s e e d  p ie c e s ,  i s o ­
la t io n s  were made of the d i s e a s e d  nodes and in te rno des  of a ll  four t r e a t ­
m en ts . The re su l ts  are  shown in  the l a s t  four colum ns of Table VII, and 
the  c a lc u la t io n s  are e x p re s se d  a s  a p e rcen tag e , on the  b a s is  of the 
number of pluggings or iso la t io n s  made from nodes and in te m o d e s .
It can  be s e e n  aga in , th a t  the  h ig h e s t  p e rcen tag e  of Phytophthora
cu ltu res  was obtained  from the  Phytophthora trea tm ent (III) of the 
varie ty  C .P .  36-13 , for both nodal and in ternodal t i s s u e s  (71.9% and 
76. 4% re s p e c t iv e ly ) . P hysalospora  tucum anensis  was seldom iso la te d  
from any of the  t i s s u e s  of C .P .  36-13 , excep t for 3.1.4 per cen t  of the 
iso la t io n s  made from the in ternal nodal reg io ns .
In the v a r ie t ie s  C o . 290 and P .O .J .  213, more cu ltu res  of 
P hysalospora  were i so la te d  from the nodal reg ions than  from the in te r ­
nodal t i s s u e s .  The p resen ce  of red rot in the check  (I) and Phytophthora 
trea tm ent (III), is  fe l t  to be due to natural in fec tion  of the can e , while 
the  low  recovery of the  red rot fungus from the in tem odes of th e se  v a rie ­
t ie s  is  thought to be c a u se d  by too much deteriora tion  of the cane  t i s s u e ,  
consequen tly  resu ltin g  in the death  of the fungus.
Varietal Field  T esting
The te s t in g  of v a r ie t ie s  in  re s p e c t  to Phytophthora rot was ca rr ied  
out a t  the L .S .U .  Experiment S ta tion  Farm during the  cane  se a so n s
1957-1958 and 1958-1959. The s e e d  p ie c e s  were p lan ted  in the  early  
pa rt  of O ctober and exam ination  for the  p re se n c e  of Phytophthora rot w as 
s ta r te d  in ear ly  February of each  spring s e a s o n  and w as con tinued  for 
se v e ra l  months th e re a f te r .  W hen the  se e d  p ie c e s  were brought in the  
g reenhouse  and  were f reed  of e x c e s s  so i l ,  th e  pe rcen tage  bud germ ina­
t io n  was determ ined by an exam ination  of e a c h  bud. After f in ish ing  th a t  
pa rt  of the  exam ina tion , every s ta lk  of can e  was cu t  len g th w ise  and a 
coun t was made of the  to ta l  number of d i s e a s e d  in tem od es  obse rved . 
T hese figures were p la c e d  on a pe rcen tag e  b a s is  of the  to ta l  number 
of in tem o d es  o r ig ina lly  p lan ted  for each  v a r ie ty .  The d a ta  for both 
y e a rs  are  p re sen te d  in the  f i rs t  four columns of Table VIII.
After the c an e s  were exam ined , a ll d i s e a s e d  nodes and  in te rnodes 
which had not d e te r io ra ted  too much were brought in to  the labora to ry  for 
p la t in g .  After in cuba tion  for 6 days in  a  c o n s ta n t  tem pera tu re  room 
(70° F . ) ,  the  number of Phytophthora and P h ysa lo spo ra  c u ltu re s  was 
coun ted  and p lac ed  on a p e rcen tag e  b a s is  of the number of p luggings 
p la te d ,  which data  are show n in the  l a s t  four columns of Table VIII.
The d a ta  of the  th ree  s u c c e s s iv e  exam ina tions and p la t ings  
c a rr ied  out each spring se a so n  are combined in th is  la rge  tab u la t io n .
It w as found during th e s e  exam ina tio ns , th a t  in the spring of 1958 the
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amount of nodal in fec tion  and in ternodal d isco lora tion  in c re a sed  very 
rap id ly . P la te  XV show s typ ica l nodal in fec tions in  a seed  p iece  of 
the  va rie ty  C .P .  53-23 , as  was observed  during the  e a r l ie s t  exam ina­
tion  (February) of the c an e s  in 1958. P la te  XVI shows more advanced 
sp read  of Phytophthora in seed  p ie c e s  of the  varie ty  C .P .  52-68 , th is  
high inc idence  of the d is e a s e  is  thought to  be due to very favorable 
w eather  conditions for developm ent of Phytophthora rot during the 
months right a fte r  p lan ting  the se ed  p ie c e s  and the  la te  cool spring the 
following y ea r .  This v isu a l  observation  was la te r  confirmed by the 
number o f Phytophthora cu ltu res  ob tained  from the d is e a s e d  seed  p ie c e s .  
From O ctober to  February (1957-1958), the  average tem perature ranged 
from 6 5 ° -4 7 °  F. ( l9 ° - 8 °  C . ) ,  while there was an average amount of 
ra in fa ll  of 4 .4  inches for tha t period of t im e . Due to th is low tem pera­
ture w eather  and high ra in fa ll  during the  fa ll  of 1957, natural in fec tion  
as ev idenced  by the invas ion  of the check  seed  p ieces  which were p lan ted  
in so il  not add itionally  in fes ted  with P. m egasperm a, gave fa ir  numbers 
of Phytophthora cu ltu res  upon iso la t io n  of the c a n e s .
Taking all the da ta  combined, and comparing each  v a rie ty  p lan ted  
in in fes ted  and n o n - in fe s te d  so i l ,  i t  was found th a t  many v a r ie t ie s  had 
an appreciab ly  h igher percen tage  of d is e a s e d  in te rnodes , accom panied 
by a  lower percen tage  bud germ ination in the  in fes ted  so il than  in the 
n o n - in fe s te d  s o i l .  This d ifference was found to be even larger , by 
comparing the  pe rcen tages  of Phytophthora cu ltu res  obtained  from
Table VIII. The occurrence of Phytophthora and P hysalospora  in d is e a s e d  nodes and in ternodes of s e e d  p iec es  
of many p a s t  and p re sen t  commercial sugarcane  v a r ie tie s  and some u n re le ased  experim ental t e s t  
f ie ld  v a r ie t ie s ,  p lan ted  in so il  a r t if ic ia l ly  in fes ted  with P. megasperma under f ie ld  cond itions , 
exam ined during the spring se a so n s  of 1958 and 1959.







In te rn . 
P lanted
D ise ased Bud 
G erm in .
Made From Phytophthora Physalospora
No. % Nodes In te rn . Nodes In te rn . Nodes Intern
P .O .J .  36 1958 C heck 78 24 30 .7 18.9 7 22 28.6 13.6 7 1 .4 3 6 .4
In fe s t . 295 100 33 .9 12.3 58 131 67. 2 58 .8 5 .2 1.5
1959 C heck 85 25 29 .4 18.1 36 108 25.0 11.1 25.0 7 .4
I n f e s t . 118 50 42 .4 11.9 76 164 46.1 55.5 5 .3 0 .6
P .O .J .  213 1958 Check 78 45 57.6 0 .0 24 62 20.8 1.6 29. 2 14.5
In fe s t . 288 105 36.5 9 .2 61 139 68 .9 51 .1 1.6 2 .2
1959 Check 81 47 58 .0 11.8 32 100 12.5 7 .0 0 .0 0 .0
In fes t . 89 35 39.3 13. 2 32 119 37 .5 32 .8 0 .0 0 .0
P .O .J .  234- 1958 Check 106 27 25 .4 10.8 11 28 5 4 .4 11.1 0 .0 0 .0
In fe s t . 207 75 36.3 18.9 24 93 45 .8 20 .4 0 .0 3 .2
1959 Check 91 40 43.9 13.5 8 80 12.5 12.5 0 .0 0 .0
In fe s t . 116 39 33 .6 20.3 30 130 43 .3 16.9 0 .0 0 .0
Table VIII. C on tinued .
N o . In te rn .
Sugarcane Year T reat-  In tern . D ise ased
Variety Examined ment P lan ted  No. %
C o . 281 1958 C heck 66 26 39 .3
In fe s t . 130 73 5 6 .2
1959 C heck 58 36 62 .1
In fe s t . 91 41 45.1
C o . 290 1958 C heck 88 31 35 .2
In fes t . 144 89 61 .8
1959 Check 89 43 48.3
In fe s t . 124 44 35 .5
N .C o .  310 1958 C heck 73 14 19.1
In fes t . 126 36 28.6
1959 C heck 86 31 36 .0
I n fe s t . 130 40 3 0 .8
C .P .  807 1958 C heck 75 15 20.0
In fe s t . 170 45 26.5
1959 C heck 109 22 20 .2
In fe s t . 139 29 20.8
% No. Iso la tio n s   % C u ltu res O btained
Bud M ade From Phytophthora P hysalospora
Germin Nodes In te rn . N odes In te rn . N odes In te rn .
10.9 30 84 16.7 0 .0 40 .0 27 .4
0 .0 46 185 45.7 30 .8 19.6 10.8
1.5 58 140 17. 2 14.3 5 .2 4 .3
5 .0 78 183 15 .4 12.0 0 .0 0 .0
34 .3 25 95 32 .0 21.1 28.0 23 .2
18 .4 45 148 66 .7 50 .7 6 .7 20.3
17.0 36 80 16.7 16.3 13.9 1.3
11.3 83 216 32.5 33.3 3 .6 2.3





37 .7 18 123 55.6 28 .4 0 .0 2 .4
23.9 34 98 23.5 14.3 3 .2 1 .0
22.0 30 110 20.0 27.3 3 .3 3 .6
23. 2 0 48 0 .0 0 .0 0 .0 6 .3
24.0 23 64 43.5 7 .8 13.0 7 .8
12 .7 34 77 0 .0 3 .9 17.6 0 .0
13.1 40 106 40 .0 25.5 27.5 0 .0
>b.








In te rn . 
P lan ted
In tern . 
D ise ased  




C .P .  28-19 1958 C heck 58 29 50 .0 2.5
In fe s t . 98 48 49 .0 4 .2
1959 C heck 76 11 14.5 8 .6
In fe s t . 104 16 15 .4 •11.5
C . P . 29-116 1958 C heck 81 23 28 .4 22 .4
In fe s t . 131 71 54.1 21.6
1959 C heck 84 31 36.9 12.5
In fe s t . 122 71 58 .1 9 .1
C .P .  29-320 1958 C heck 64 37 57 .8 4 .1
In fe s t . 114 59 51 .7 16.0
C . P . 34-120 1958 C heck 69 32 46 .4 14.9
I n fe s t . 112 60 53 .5 12.5
1959 C heck 90 51 56 .7 1 .1
In fe s t . 121 58 47 .9 9 .4
No. Iso la tio n s  ______ % C ultu res O btained
Made From Phytophthora Physalospora
Nodes In tern . Nodes
29 76 10.3




37 115 3 2 .4
20 85 20.0
48 126 41.7
47 120 46 .8
35 188 3 1 .4
27 37 29.6
59 167 69 .5
50 157 18.0
86 186 52.3












































Table VIII. C on tinued .
No. In tern . %
Sugarcane Year T reat-  In tern . D ise a se d  Bud
Variety Examined ment P lan ted  No.______ % Germin
C . P . 36-13 1958 C heck 72 32 44.5 33.3
In fe s t . 121 56 46 .2 32 .9
1959 C heck 90 42 46 .7 10 .4
In fe s t . 103 39 37 .8 9 .5
C . P . 36-105 1958 C heck 95 9 9 .5 35 .8
In fe s t . 141 52 36 .8 34.5
1959 C heck 87 47 54 .0 13.3
In fe s t . 111 39 35 .1 8 .9
C . P , 43-47 1958 C heck 85 37 43.5 26.7
In fe s t . 141 78 55.3 29 .2
1959 Check 66 52 26 .2 23 .2
In fe s t . 106 60 56 .6 17.7
C . P . 44-101 1958 C heck 88 23 26.1 35.9
In fe s t . 143 32 22 .4 32 .6
1959 C heck 85 41 4 8 .2 24.5
In fes t . 115 54 47 .0 23.3
No. Iso la tions % C ultu res O btained
Made From Phytophthora Physalospora  
Nodes In tern . Nodes In tern . Nodes In tern .
13 84 10.0






15 94 53 .3
78 1-20 33.3
11 71 0 .0
12 160 33 .3
16 112 18.7
37 156 44 .7
13 73 4 6 .2
20 132 50 .0
26 102 11.5




























































In te rn . 





C . P . 44-154 1958 C heck 69 16 23.2 48 .8
In fe s t . 1-10 91 82.7 6 .6
C . P . 44-155 1958 Check 67 28 41.7 44.9
In fe s t . 119 68 57.1 21.8
1959 Check 88 29 32.9 11.7
In fes t 103 31 30.1 12.6
C . P . 47-193 1958 Check 123 16 13.0 17. 5
In fe s t . 177 45 25 .4 23.3
1959 C heck 90 26 28.8 23.7
In fe s t . 125 33 26 .4 21. 4
C . P . 48-103 1958 Check 114 52 45.6 35. 2
In fe s t . 180 70 38 .8 31 .9
1959 Check 92 45 48.9 16. 4
In fe s t . 143 22 15 .4 18.9
No. Iso la tio n s  _____ % C u ltu res O btained
M ade From Phytophthora P hysalospora
N odes In te rn . N odes In te rn . Nodes In tern .
16 70
oo
o • o 56.  2 7.1
60 189 65. 0 54. 0 8 . 3 3.7
12 56 0 . 0 0 . 0 8 . 3 0 . 0
44 179 27.3 19.6 0. 0 1.1
6 28 83. 3 22.2 0 . 0 0 . 0
12 27 66. 7 33.3 0 . 0 0 . 0
24 30 41. 7 6 . 7 0 . 0 0.0
32 74 46. 9 31.1 0 .0 0 . 0
16 79 6.3 1.3 6.3 2.5
36 131 44 . 4 36.6 0 . 0 0 . 0
21 73 19.0 10.9 0 . 0 9 . 6
33 94 18.5 22.3 9 . 1 4.3
18 63 33. 3 23.8 0. 0 0.0
4 44 25.0 45.5 0 . 0 0.0
Table VIII. C on tinued .
N o . In te rn . %
Sugarcane Year T rea t-  In tern . D ise a se d  Bud
Variety Examined ment P lan ted  No.______ % Germin.
C . P . 51-21 1958 C heck 88 37 42.0 40 .0
In fe s t . 149 70 46.9 3 6 .4
1959 C heck 75 46 61 .3 14.6
In fe s t . 109 33 32.0 20,0
C . P . 52-68 1958 C heck 78 29 37.1 22.6
In fe s t . 127 39 30 .7 9 .4
1959 Check 73 19 26.0 17.5
In fe s t . 96 28 29. 2 16.1
C . P . 53-1 1958 C heck 87 31 35 .6 27.9
In fe s t . 140 75 53.6 22. 2
1959 C heck 72 57 79 .1 5 .2
I n f e s t . 92 70 76.1 5 .3
C . P . 53-15 1958 C heck 82 19 23 .2 12.5
In fe s t . 110 48 43.6 11.3
N o. Iso la tio n s  ______ % C u ltu res O btained
M ade From Phytophthora Physalospora
N odes In te rn . N odes In te rn . Nodes In te rn .
19 104 0 .0
25 129 4 .0
24 100 8 .3
18 72 33 .6
42 82 42.9
44 156 81 .8
24 72 37 .5
35 105 34 .3
14 80 0 .0
38 176 52 .6
20 90 70 .0
48 133 33 .3
9 44 11.1
59 143 82 .9
3 0 .0 1.0
5 4 .0 4 .6
0 8 .3 5 .0





0 4 .2 4. 2
9 o o : 1 .0
3 7 .1 12.5
9 5 .3 10. 2
8 0 .0 0 .0
8 4 .2 0 .0
5 0 ,0 2.3

















Table VIII. C on tinued .
No. In te rn . % No. Iso la tion s % C ultures  O btained
Sugarcane Year Treat­ In tern . D ise ased Bud Made From Phytophthora Physalospora
Variety Examined ment P lan ted No. % G erm in . Nodes In te rn . Nodes In te rn . Nodes In te rn .
C . P . 53-22 1958 C heck 75 54 72 .0 15.1 10 29 40.0 34.5 0 .0 0 .0
In fe s t . 130 84 64 .6 10.6 34 94 56. 2 5 9 .6 5 .9 1.1
1959 C heck 72 54 75 .0 11.4 54 135 27.8 14.1 11.1 8 .9
In fe s t . 88 68 77. 2 10. 2 108 193 53 .7 4 1 .4 l l . l 3 .0
C . P . 53-23 1958 C heck 80 41 5 1 .2 23 .2 55 l rT0 52 .7 2 8 .2 7 .3 6 .4
In fe s t . 139 83 59 .7 6 .3 85 155 52 .0 40 .0 6 .7 9 .7
C . P . 55-30 1958 C heck 82 24 29 .2 20.0 17 68 52.9 42 .6 11.7 4 .4
In fe s t . 121 48 39.7 28.5 15 102 66 .7 34.3 0 .0 1 .0
1959 Check 81 15 18.5 20. 2 46 92 23.9 18.5 0 .0 7 .6
I n fe s t . 102 26 25.5 13.5 42 100 59 .5 39 .0 0 .0 0 .0
TOTALS: 1958 Check 2121 751 35 .4 23.6 494 1707 28.7 12.5 13 .8 8 .6
In fe s t . 3863 1700 44 .0 19.5 963 3495 52 .9 33 .6 6 .4 4 .6
1959 Check 1820 810 43 .8 14.4 627 2075 21.4 13.7 8 .0 3 .9
In fe s t . 2447 926 37 .8 14.5 1054 2885 36 .1 34 .7 4 .5 1.3
Varieties C .P .  29-320, C .P .  44-154, C .P .  53-15 and C .P .  53-23 were not rep ea ted  in 1959.
PLATE XV
Early nodal in fec tion  and sp read  of 
Phytophthora in se ed  p iec es  of the 
varie ty  C .P .  53 -23 . C heck a t  r igh t.
PLATE XVI
Progress ive  spread  of Phytophthora 
from nodal regions into the in ternodal 
t is s u e  in s e e d  p ieces  of the varie ty  
C .P .  52 -6 8 . Check a t  le f t .
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iso la tio n s  made from d is e a s e d  t i s s u e  of both nodes and in te rnod es . 
These data  strongly  ind ica te  d ifferences in va rie ta l  su sce p t ib i l i ty  to 
the pathogen .
From the  th ree  monthly exam inations made both in the  greenhouse 
and in  the labora to ry , by observing the condition of the  se ed  p ie c e s ,  
including the amount of rotting in the in te rnodes , and the  number of 
Phytophthora cu ltu res  iso la te d  from the d is e a s e d  nodes and in te rnodes , 
the v a r ie tie s  t e s te d  are d ivided in regard to the ir  d is e a s e  r e s is ta n c e  as 
fo llow s:
R esis tan t: Interm ediate: Suscep tib le :
C . P .  29-116 P. O. J .  234 P. O. J .  36
C. P .  29r-320 C o. 281 P. O. J .  213
C. P.  36-105 N .C o .  310 C o. 290
C. P .  43-47 C. P .  807 C. P .  28-19
C. P .  44-155 C. P .  44-101 C. P .  34-120
C .P .  48-103 C. P .  47-193 C. P .  36-13
C . P .  51-21 C. P .  53-1 C. P .  44-154
C. P.  53-23 C. P .  52-68  
C. P .  53-15  
C. P .  53-22  
C. P .  55-30
The va rie ty  found to be the most su scep tib le  to the se ed  p iece  rot 
was C .P .  44-154 (Plate I). It will have to be em phasized  again , how­
ever, th a t  th is  rating is  s tr ic t ly  b a sed  on the te s t in g  of th e se  va rie tie s  
under w eather conditions extremely favorable for the development of 
Phytophthora s e e d  p iece  rot, as was experienced  during the w inter and 
spring of 1957-1958.
Fortunately , the w inter of 1958 was much l e s s  favorable for d ise a se
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developm ent, s in c e  the tem pera ture  during the 3 months a fte r  p lan ting  
was c o n s id e ra b ly  h igher  as  w as recorded  for 1957, and the average  
amount of ra in fa ll  w as not over 1 .4  inches  as  com pared  to 4 .4  inches  
for 1958. It can  be se en  from Table VIII, tha t  the p e rcen tag e  d is e a s e d  
in te m o d e s  and the  pe rcen tag e  of Phytophthora cu ltu res  ob ta ined  from 
i s o la t io n s  of d i s e a s e d  nodes and in te rn o d es , is  co n s id e rab ly  low er for 
the  y e a r  1959 as  com pared with the  previous y e a r .  The low percen tag e  
bud germ ination  o b se rv ed  during th a t  y ea r  is  presum ed to be due to un­
favorab ly  dry w ea th e r  c o n d i t io n s , which were not conducive  for good 
se e d  p ie c e  germ ination . In comparing the overa ll  to ta ls  and averages 
of a ll the  v a r ie t ie s  com bined, the  sam e c o n c lu s io n s  can  be drawn as 
have  b een  m entioned b e fo re .
W hen the f i r s t  s tan d  count w as made on April 15, 1959, of the 
v a r ie t ie s  p lan ted  in the fa ll  of 1958, i t  was ob se rv ed  th a t  in the  in fe s te d  
so il  se v e ra l  v a r ie t ie s  had  only  a very few  shoots  above the ground as 
com pared  to  the ir  c h e c k s .  When the  o ther s ta n d  coun ts  were m ade, at 
monthly in te rv a ls  from the f i rs t  o ne , i t  w as found th a t  those  v a r ie t ie s  
kep t fa i l in g  to germ inate , w hile  the  lim ited  s ta n d  a lso  had  much le s s  
p lan t  h e ig h t  than  i ts  c h e c k .  The da ta  of th e s e  coun ts  are p re se n te d  in 
. Table IX.
Even though the  w eathe r  conditions during the  w inter of 195 8- 
1959 w ere  much l e s s  favorab le  for Phytophthora s e e d  p iece  ro t ,  severa l 
v a r ie t ie s  m entioned as  being su sc e p t ib le  under the  1957-1958 co n d it io n s ,
Table IX. Total number of p lan ts  and average p lan t he igh t of many p a s t  and p resen t  commercial sugarcane
v a rie t ie s  and some u n re leased  experim ental t e s t  f ie ld  v a r ie t ie s ,  p lan ted  in so il a r t if ic ia l ly  in fes ted  












Heicrht of P lan ts
4/15 5/15 6/15 7/15 4/15 5/15 6/15 7/1!
P .O .J .  36 Check 9 1 3 8 13 2 10 17 20 38
I n f e s t . 12 — — — — — — — — —
P .O .J .  213 C heck 9 6 8 14 16 6 13 21 24 51
In fe s t . 12 — — — — — — — — —
P .O .J .  234 Check 9 5 12 29 34 15 10 19 34 58
In fe s t . 12 — — — — — — — — —
C o . 281 C heck 9 0 4 14 14 5 0 17 29 50
In fe s t . 12 — — — — — — — — —
Co. 290 C heck 9 6 10 29 32 14 14 19 40 6 C
In fes t 12 — — — — — — — — —
N .C o . 310 C heck 9 7 13 35 25 15 13 23 44 64
In fe s t . 12 8 24 60 49 26 8 21 40 64
C .P .  807 Check 9 3 11 25 21 7, 9 12 35 51
In fes t. 12 10 24 44 44 27 8 20 47 62
C .P .  28-19 Check 9 4 10 25 25 18 12 24 49 58
In fe s t . 12 3 5 8 7 4 8 19 41 61













4 /15 5/15 6/15 7/15 4/15 5/15 6/15 7/11
C .P .  29-116 C heck 9 6 8 20 22 6 12 16 34 55
In fe s t . 12 1 7 12 14 7 14 21 37 63
C .P .  34-120 C heck 9 2 4 15 19 6 13 24 34 58
In fe s t . 12 2 3 9 9 5 10 24 45 62
C .P .  36-13 C heck 9 3 8 28 30 17 14 20 37 61
In fe s t . 12 0 1 1 2 0 0 14 26 35
C .P .  36-105 C heck 9 5 11 33 36 18 11 24 50 66
In fe s t . 12 0 2 6 12 4 0 19 32 53
C .P .  43-47 C heck 9 8 12 31 30 13 12 23 45 61
In fe s t . 12 12 35 60 65 40 14 19 46 72
C .P .  44-101 C heck 9 3 8 18 28 14 11 21 47 68
In fe s t . 12 10 24 66 66 42 16 22 56 80
C .P . '  44-155 C heck 9 5 14 55 42 23 11 26 50 70
In fe s t . 12 1 10 25 31 15 13 18 35 65
C .P .  47-193 Check 9 6 13 39 49 22 14 24 48 68
In fes t . 12 2 17 66 72 40 13 23 38 71
00
cn
Table IX. C ontinued .
Sugarcane Treat­
No.
Stalks Number of P lants
No.
Heavy Heicrht of Plants
Variety ment P lan ted 4/15 5/15 6/15 7/15 Stalks 4/15 5/15 6/15 7/15
C .P .  48-103 C heck 9 10 14 34 39 19 17 23 44 63
I n f e s t . 12 15 24 78 75 42 15 22 40 70
C .P .  51-21 Check 9 1 8 31 32 16 11 19 35 61
I n f e s t . 12 2 9 26 27 19 10 15 36 59
C .P .  52-68 C heck 9 9 20 34 35 22 11 22 45 71
In fe s t . 12 5 8 28 27 13 13 18 35 58
C .P .  53-1 Check 9 3 10 28 28 15 11 21 48 68
I n f e s t . 12 1 2 9 11 8 9 23 28 50
C .P .  53-22 C heck 9 7 9 41 36 17 12 23 37 64
In fes t. 12 2 6 17 20 12 10 24 33 54
C .P .  55-30 C heck 9 2 10 28 28 18 11 20 45 63
In fe s t . 12 0 1 4 6 1 0 14 28 50
No records were ob tained  of the va rie tie s  P .O .J .  
in a rt if ic ia l ly  in fes ted  so i l .
36, P .O .J . 213, P .O .J .  234, Co. 281 and C o . 290 p lan ted
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were s t i l l  found to be s u s c e p t ib le  in the  l a t t e r  f ie ld  t e s t .  Based on the
1958-1959 se ed  p ie c e  exam ina tion  t e s t  and the se p a ra te  s ta n d  count 
made of the same v a r ie t ie s  during the spring  of 1959, the v a r ie ta l  r e ­
ac tio n  ra ting  is  s e t  as-fo llow s:
R e s is ta n t : In term edia te : S uscep tib le :
N .C o .  310 C .P .  807 C .P .  28-19
C .P .  29-116 C .P .  36-105 C .P .  34-120
C .P .  43-47 C .P .  44-155 C .P .  36-13
C .P .  44-101 C .P .  52-68  C .P .  53-1
C .P .  47-193 C .P .  53-22
C .P .  48-103 C .P .  55-30
C .P .  51-21
This l is t in g  e x c lu d es  the  4 v a r ie t ie s  no t rep ea ted  for 1959 and 
a ls o  the P .O .J .  and C o. v a r ie t ie s ,  s in ce  no s tand  count cou ld  be ob­
ta in e d  of th e s e .  On the b a s is  of the  s e e d  p iec e  exam ina tion  t e s t  of 
1957-1958, how ever, the  v a r ie t ie s  C .P .  44-154  and C .P .  53-15 were 
found to be very su s c e p t ib le  during tha t  y e a r ,  while on the b a s is  of 
the  1958-1959 t e s t ,  the P .O .J .  and  C o . v a r ie t ie s  are  su g g e s te d  for 
l i s t in g  under the in te rm edia te  colum n, w ith  the  excep tio n  of C o . 281, 
w hich va rie ty  will move to  the  r e s i s t a n t  s id e .
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Survey of the  P re sen ce  of Phytophthora Seed  P iece  Rot 
in L o u is iana  During the Spring of 1958
Since the  w inter of 1957 w as very  w et, w hile  tem pera tu res  were 
ra th e r  low for sev era l  m onths, i t  w as thought to  be of some im portance 
to ch eck  the L ou is iana  sugarcane  b e lt  for the  p re sen c e  of Phytophthora  
ro t .  A l im ited  survey  was made during M arch and April of 1958 and se e d  
p ie c e s  were dug from gaps in the row s , in w hich  the p la n t  can e  h a d  a p ­
pa ren tly  fa i led  to  germ inate . S ince C .P .  44-101 is  the m ost dom inant 
com m ercial v a rie ty  in the s ta te  today , s e e d  p ie c e s  of th is  v a rie ty  were 
c o l le c te d  more than  of any o ther  v a r ie ty .  At the  time the  c o l le c t in g  was 
done, a note w as made of the da te  the  se e d  c an e  had  been  p la n te d .  
Iso la t io n s  were made from a ll  d i s e a s e d  in te rn o d es ,  and  the  p e rcen tag e  
cu ltu res  o f Phytophthora and  P h ysa lospora  w ere  reco rd ed . The d a ta  are 
p re se n te d  in Table X.'
It can  be seen  from th is  ta b le ,  th a t  in  many c a s e s  the h igher  p e r­
c e n ta g e s  or Phytophthora cu ltu res  w ere  o b ta in ed  from se e d  can e  p lan ted  
in la te  Septem ber, O ctober or November, w hile  can e  p lan ted  in August 
or ear ly  Septem ber did not revea l  as  much P hy to p h th o ra . O ther fa c to rs ,  
how ever, l ike  tem pera tu re , amount of ra in fa ll  and so il  type  for the  
sp e c if ic  lo ca tio n s  are not in c luded , which p lay  a lso  an  im portant role 
in the occurrence  of Phytophthora r o t .
Several s e e d  p ie c e s  of the va rie ty  C .P .  36-13 were brought in to  
the labo ra to ry , which had  been  p lan ted  in August of 1957. These c a n e s
PLATE XVII
Young s tu bb le  p roduced from summer p lan ted  s e e d  cane  
of the v a rie ty  C .P .  3 6 -1 3 , d is e a s e d  w ith  Phytophthora 
ro t.
 ^ in d ic a te s  so il  l in e .
PLATE XVIII
Typical w a tersoaked  ap pearance  of s p l i t  young stubble  
from summer p lan ted  se ed  cane  of the  va rie ty  C .P .  36- 
d is e a s e d  with Phytophthora ro t,
 ^  in d ica te s  so il l in e .
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had germ inated during the early  fall of tha t y e a r  producing a small un­
derground "rhizome, " which in  turn  was k illed  back above the ground, 
a fter freezing  tem peratures had s e t  in (Plate XVII). The original se ed  
p iece  or mother s ta lk  was brown in co lor and was a lm ost com plete ly  
de te rio ra ted .
Upon sp litt ing  and exam ining th is  young s tubb le , i t  was found 
th a t  the whole "rhizome" was w atersoaked  in appearance  and in most 
c a s e s  had an additional purple d isco lo ra tio n , combined w ith the  typ ica l 
fermenting odor of Phytophthora rot (Plate XVIII). In both of th e se  p la te s  
a defin ite  l ine  (see arrow) can  be no ticed  betw een the d is e a s e d  under­
ground part of the  stubble  and the y e t  hea lth y  portion above ground.
P. meqasperma was c o n s is ten t ly  r e - i s o la te d  from all the  d is e a s e d  
s tubb les  c o l le c te d ,  ind icating  th a t  Phytophthora rot c an  a ls o  c a u se  some 
damage to se e d  cane  p lan ted  in the  summer, by rotting and killing the 
young s tu bb le ,  if  w eather conditions are a t an optimum for development 
of the d i s e a s e .
Table X. Survey of the p re sen c e  of Phytophthora ro t in p lan t cane  of severa l sugarcane  v a rie tie s  co llec ted  from 
d ifferent lo ca tio n s  of the sugarcane  be lt  in Louisiana  during the  spring of 1958.
No.
Iso la tions
Sugarcane Time Time Made From % C ultures  Obtained
P lan ta tion__________Location__________Variety________ Planted  Examined In tem odes Phytophthora Physalospora
Evanhall Donalds onville C . P . 44-101 Aug. '5 7 March *58 78 0 .0 18.0
C atherine Bayou Goula C . P . 44-101 Nov. '57 M arch15 8 105 39 .1 1 .0
Columbia Edgard C . P . 48-103 Sept. '57 M a rch '5 8 15 0 .0 0 .0
C . P . 44-101 A u g . '57 M arch '58 64 0 .0 20.3
C . P . 47-193 Aug. '57 M a rch '5 8 34 0 .0 14 .7
C . P . 43-47 Aug . '5 7 M arch '58 130 11.5 19 .2
St. James Coop. St. James C . P . 44-101 Sept. '57 M a rch '5 8 164 4 .3 11.0
G lynn 's  Farm New Roads C . P . 44-101 Sept. '57 M arch ' 5 8 16 50 .0 0 .0
Halfway Bellrose C . P . 44-101 Aug. '5 7 April ' 5 8 67 16 .4 0 .0
John Tregre Napoleonville C . P . 44-101 O ct. '57 A pril '5 8 166 12.7 12.7
C . P . 44-101 O ct. '57 A pril '5 8 66 6 .1 16.7
to
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Table X. C ontinued.





No. Iso la tio ns  
Time Made From 
Examined In tem odes
% C ultures Obtained 
Phytophthora Physalospora
Shell Hill Vacherie C . P . 44-101 Sept. '57 A pril '5 8 77 40.3 26.0
Burley's Farm Youngsville C . P . 44-101 O c t . '57 April* 5 8 41 0 .0 9 .8
N .C o .  310 O c t.  '57 A pril '58 97 23.7 1.0
Sterling Sugars Franklin C . P . 44-101 A u g . '57 A pril '5 8 33 9 .4 0 .0
Youngs Indu st . Youngsville C o . 290 Aug . '5 7 A pril '58 105 9 .5 3 .8
Billeaud Sugars Broussard C . P . 44-101 Aug . '5 7 A pril '58 34 0 .0 2.6
LSU Exp. S ta . Baton Rouge C . P . 34-120 Nov. '57 A p ril '5 8 45 26.7 2. 2




Many p lant d is e a s e s  are known to be c au se d  by more than  one 
organism , and a lso  in the group of d is e a s e s  c a u se d  by members of the 
genus Phytophthora there are se v e ra l ,  which are c a u se d  by two or more 
sp e c ie s  of the g e n u s . Probably the e a r l ie s t  report came from Ireland  
in  1913, where Pethybridge (63) descr ibed  the pink rot d is e a s e  of 
po ta toes  and iden tified  the c a u sa l  organism  as  a  new sp e c ie s  of 
Phytophthora , which he named ,P. e ry th ro sep t ica .  According to Butler 
and Jones (15), P. c ry p to g ea , P. cactorum  and P . megasperma may a lso  
produce, to a g rea ter  or l e s s e r  ex ten t,  the symptoms of pink ro t.
In the same y ea r ,  Pethybridge and Lafferty (64) descr ib ed  a 
d is e a s e  of tomato and c rea ted  another new  s p e c ie s ,  P . c ryp togea . The 
d is e a s e  c o n s is ts  of a dam ping-off and a foot rot p hase  and both p hases  
are now known to be c a u se d  by two sp e c ie s  of Phytophthora , namely 
P , cryptogea  and P. p a r a s i t i c a . Another Phytophthora d is e a s e  of tomato 
was d escr ibed  by Sherbakoff (73) from Florida, which he named buckeye 
ro t .  He a lso  d escr ibed  a new  sp e c ie s  and named i t  P . t e r r e s t r ia , which 
was la te r  d e s ig n a ted  as  a synonym of P . p a ra s i t ic a  (85). Tompkins and 
Tucker (83), however, found the  same d is e a s e  in C alifo rn ia  to be inc ited  
by P . c a p s ic i  andJP. d rech s le ri ,  and la te r ,  Ramakrishnan and Soumini (66), 
in  India, a ttr ibu ted  the  d is e a s e  to  P . pa lm ivora . In the ornamental
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d i s e a s e s ,  shanking of tu lip  i s  cau sed  by two s p e c ie s  of Phytophthora , 
namely P . c ryp togea  and P . ery  thro s e p t ic  a .
Phytophthora seed  p ie c e  rot of sugarcane  can  now a ls o  be added to 
the l i s t  of Phytophthora d i s e a s e s  c a u se d  by more than  one sp e c ie s  of 
Phytophthora . For many y e a r s ,  one of the sp e c ie s  has been  known to 
be P. ery thro se p t ic  a , while the  other w as never iden tified  due to the 
com plete lack  of fruiting s truc tu res  of the  iso la te  on common culture 
m edia. It was referred  to a s  the " s te r i le "  Phytophthora i s o la te .
I t  has  been  a known fa c t  for quite  some time that c e r ta in  sp e c ie s  
of Phytophthora do not produce sporangia  an d /o r  oospores under all 
conditions or on a ll  culture m edia. M any inves tiga to rs  h ave  tr ied  
numerous m ateria ls  to induce fruiting, like  the u se  of d ifferent h o s ts ,  
fruit, so il  le a c h a te ,  su crose  so lu tions and o thers  (7, 8f 43, 51, 52,
59). Also the u se  of pairing certa in  cu ltu res  of Phytophthora has often 
re su l te d  in the production of sexual organs (5, 22, 77).
S ince most of these  a ttem pts w ere  already u se d  by two previous 
inves tig a to rs  of sugarcane s e e d  p iece ro t (71, 75), other tech n iq u es  were 
tr ied  during th is  study to induce  the " s te r i le "  i s o la te  to produce fruiting 
s t ru c tu re s .  Since s te r i l iz e d  oat grains were u se d  in the p resen t  in v e s t ig a ­
tion for so il in fes ta tio n  in d ifferent experim ents i t  was fe l t  tha t the fungus 
may fruit upon th is  medium. Oats th ick ly  covered  with the fungus, were 
exam ined by tak ing  scrap ings of the su rface  of the  grains and upon micro­
scopic  exam ina tion , numerous oospores were obse rved .
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Induction of fruiting s truc tu res  in Phytophthora , by using  whole 
oa ts  as the culture  medium h as  been known for many y e a r s .  Since the 
time th a t  the potato  b light fungus s ta r ted  causing  co ns iderab le  lo s s e s  to 
the European potato industry  (1845), until the early  part of the  tw en tie th  
cen tury , nobody had  been able to  find the sexual spores  of P . i n f e s t a n s . 
It was not until 1910, th a t  C lin ton  (19) made the long aw aited  d iscov ery , 
by using  o a ts  or oat ju ice  in different cu lture  m edia. He found that 
oogonia were produced quite  frequently  and th a t ,  only with the  addition 
of oa t ju ic e ,  the an therid ia  would fe r t i l iz e  the oospheres . C l in to n 's  
in te res tin g  theory w a s ,  as e x p re ssed  by Lange (50), tha t  "it required  an 
old m an 's  aph rod is iac  -  a l i t t le  Spanish  Fly -  to rev ive  i ts  male v igour. " 
The oat ju ic e  con ta ined  a phosphorized  fa t  su b s ta n c e ,  c a l le d  lec ith in ,  
which was known to be a  co n s titu en t of nerve t i s s u e  and sperm atozoa . 
Recently , Zentmyer (99) reported  from C alifo rn ia , th a t  a chem ical su b ­
s ta n c e  found in feeder  roots of the M exican avocado , s tim ula ted  sexual 
reproduction in P. c innam om i. He could  no t, how ever, induce fruiting 
in P_. c a p s i s c i , P . cam bivora , ]?. c itroph tho ra , P. c ry p to g ea , P_. 
palmivora and P.. p a ra s i t ic a  with th is  m ateria l.
After the typ ica l c h a ra c te r is t ic s  of the sugarcane  iso la te  were re ­
corded , a rev iew  was made of a ll the known Phytophthora s p e c ie s ,  in 
order to compare th ese  c h a ra c te r is t ic s  and a lso  the m easurem ents of the 
different fruiting s t ru c tu re s . The four s e le c te d  Phytophthora s p e c ie s ,  
which most c lo se ly  resem bled  the sugarcane  i so la te  m orphologically ,
97
were P̂ . c innam om i, P_. d re c h s le r i , P . c ryp togea  and P. m eg a sp e rm a . 
A lsoJ?. e ry th ro se p tic a  w as u se d  for com parison , s in c e  th is  sp e c ie s  had  
a lready  been d e sc r ib e d  from su g arcane  se e d  p i e c e s .
It was d e c id ed ,  a fte r  c lo s e  com parative  s tu d ie s ,  th a t  b e c a u se  of 
n o n -p a p i l la te  spo ran g ia  produced  on long sporangiophores w ith  e x c e s ­
s iv e  p ro life ra t io n , com bined w ith the  formation of ty p ica l in te rca la ry  
ch lam y d o sp o res ,  paragynous an th e r id ia  and oosp o res  w ith  th ic k  e n d o -  
s p o re s ,  the Phytophthora  i so la te  from sug arcane  is id en tif ied  as 
Phytophthora m egasperm a D rech s le r .  This id en tif ic a t io n  h as  been  co n ­
firmed by Dr. Barrett a t  Berkeley, C a lifo rn ia  and  M iss  W aterh ouse  a t  Kew, 
E ngland, who are two of the  w orld 's  au th o r i t ie s  on the  genus Phytophthora .
In order to  obtain  ad d it io n a l  proof of th is  id e n tif ic a t io n ,  more 
com parative  s tu d ie s  were undertaken  in r e s p e c t  to p a th o g en ic ity  and  
g row th ttem pera tu re  re la t io n s  of the d ifferent i s o la te s  . W hen cu ltu res  
of JP. m egasperm a and the  su g arcane  Phytophthora  i s o la te  were in o cu la te d  
in to  eggp lan t,  a p p le s ,  and o ran g e s ,  they  re a c te d  s im ila rly  in r e s p e c t  to 
th e ir  p a th o g e n ic i ty ,  which r e s u l ts  a lso  confirm th o se  found by Gooi e t  
a l .  (39) and W ager (89), who in o cu la te d  s im ila r  fruit with cu ltu res  of P_. 
m egaspe rm a , i s o la te d  from p each  tree s  and c it ru s  fruit r e s p e c t iv e ly .
Upon in o cu la t ion  of s e e d  p ie c e s  of the v a r ie t ie s  C o . 290 and  C .P .  34-120 , 
the  two i s o la te s  re a c te d  aga in  s im ila r ly ,  w hile  both were found to  be more 
pa thogen ic  th an  the  type  cu ltu re  of P_. e ry th ro s e p t ic a . This confirm s in 
turn  the  find ings by prev ious in v es tig a to rs  of su ga rcane  s e e d  p ie c e  rot
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(71, 75, 80), who s ta te d  th a t  the " s te r i le "  Phytophthora  i so la te  w as co n ­
s id e rab ly  more pa thogen ic  t h a n j \  e ry th ro sep tica  d e sc r ib e d  from su g a r­
can e  .
It  w as found in com parative  tem perature  e x p e r im e n ts , th a t  on 
po ta to  dex trose  agar, the sugarcane  i s o la te  grew  c lo s e ly  p a ra l le l  to 
P.. m egasperm a at the com plete  tem perature  range  from 5° to 35° C . , as  
c o n tra s te d  with the  o ther type cu ltu res  t e s te d .  This w as a lso  found to 
be true  on 5 add itional cu ltu re  m edia t e s te d .  W hen a ll  the  i s o la t e s  were 
grown a t  a tem perature  of 5° C . and were exam ined a fte r  one month in cu ­
b a tion , i t  w as found th a t  only P . m egasperm a and  the  sugarcane  
Phytophthora iso la te  had  grown a co n s id e rab le  amount (50 mm colony 
diameter) in  p la te  c u l tu re s .  This seem s a very  in te re s t in g  o b se rv a tio n , 
s in c e  i t  in d ic a te s  (1) once again  the c lo s e  id en ti ty  of the  su g a rcan e  i s o ­
l a t e  to_P. m egasperm a and (2) th a t  i t  seem s th is  s p e c ie s  is  apparen tly  w ell
c ap a b le  of surv ival and growth a t  th is  low  tem pera tu re  and a t  the  range 
o o
of 5 -20  C .  Since the  fungus is  ab le  to grow a t th e s e  low tem p era tu re s ,  
i t  may se rve  to exp la in  why Phytophthora se e d  p iec e  ro t is  most se v e re  
during w in ters  of low tem pera tures  and high ra in fa l l .
During the two y ea rs  in which the  p re sen t  in v e s t ig a t io n s  were 
undertaken , the w in ter and spring  of 1957-1958 w as very  w et, accom ­
p an ied  by low tem pera tu res , w hile  during 1958-1959, how ever, the  w inter 
and sp ring  were mild, with below  normal ra in fa l l .  Under th e s e  two c o n ­
d i t io n s ,  many suga rcan e  v a r ie t ie s ,  includ ing  p a s t  and p re se n t  com m ercial
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v a rie t ie s  and some u n re le a se d  t e s t  f ie ld  v a r ie t i e s ,  were t e s te d  under 
fie ld  c o n d it io n s .  I t was ev iden t th a t  the  y e a r  1957-1958 w as much 
more favorable  for developm ent of Phytophthora seQd p ie c e  rot than  the  
following y e a r .  This w as proven by the  number of Phytophthora c u ltu res 
ob ta ined  from the d is e a s e d  nodes and  in te m o d es  of the  s e e d  p ie c e s .
It was obse rved  in  the  spring  of 1958, th a t  during the s u c c e s s iv e  e x ­
am inations of the  s e e d  p ie c e s  a t  monthly in te rv a ls ,  the  amount of 
Phytophthora in fec tion  in c re a se d  from month to  month and a ls o  the 
sp read  of the fungus in s id e  the c a n e s ,  which was rev e a le d  by the in ­
c re as in g  numbeirs-of Phytophthora cu ltu res  i s o la te d  from the  s e e d  p ie c e s .
Also the da te  of p lanting  s e e d  cane  can  be of im portance with 
re sp e c t  to Phytophthora ro t .  In the  lim ited  survey  conducted  during the 
spring of 1958, i t  was found tha t  s e e d  can e  p lan ted  from la te  Septem ber 
until November gave h igher p e rc en ta g es  of Phytophthora cu ltu res  from 
d is e a s e d  in te rnodes th an  tha t p lan ted  in August or early  Septem ber.
In a recen t p u b lica t io n ,  Hebert and M athem e (40) po in ted  out o ther  
advan tages  and  d isa d v an tag e s  of th e  date  of p lan ting  s e e d  p ie c e s  in 
r e s p e c t  to y ie ld s  of cane  and su g a r .  They a ls o  s ta te d  th a t  the  depth  of 
p lacem ent of the  s e e d  p iec es  with r e s p e c t  to  the  w ater  furrow s, should  
be varied  from re la t iv e ly  deep  in the  b e t te r -d ra in e d ,  l ig h t  so i ls  to  r e la ­
t ive ly  sh a llow  p lacem ent in the h e a v ie r ,  poorlye-drained s o i l s .  These 
fac ts  a re  of im portance ind irec tly  in  re s p e c t  to  Phytophthora s e e d  p iece  
ro t .
In the p resen t  study it  w as a lso  found in some c a s e s ,  th a t  the 
young stubb le  produced by s e e d  cane of the  varie ty  C .P .  36-13 , p lan ted  
in August of 1957, was w atersoaked  in appearance  and  had com pletely 
de te rio ra ted . Since Phytophthora was c o n s is te n t ly  iso la te d  from the 
young " fa lse  s tu b b le s ,  " of August p lan ted  can e , th is  seem s to ind ica te  
th a t  Phytophthora rot may be of importance in the s ta n d  fa ilu res  which 
occur following a winter of low  tem peratures and high  r a in fa l l . This 
had  in the p a s t  already been  a ttr ibu ted  to  red rot by Edgerton and h is  
a s s o c ia te s  (31, 33), while recen tly ,  Singh (74) reported  th a t  from i s o ­
la t io n s  made of shoots from th e s e  young s tu b b le s ,  produced by August 
p lan ted  se e d  c a n e ,  24.3 per c e n t  of the underground buds were in fec ted  
by the red  rot fu n g u s .
In re sp ec t  to the fa ilu res  of P .O .  J. 213 and C o . 290 during the 
early  1930rs and  1940‘s re sp ec t iv e ly ,  i t  was su g g es ted  by previous 
inv es tiga to rs  th a t  both v a r ie t ie s  went down most l ik e ly  with red  rot 
(3, 36). In comparing the w eather  conditions of th e s e  two h is to r ica l  
p e riod s , i t  was found that the fall of 1929 was one of the w e t te s t  fa lls  
on record (October through January, 4 1 .2  inches) , w hile  during the fol­
lowing w inter the  number of hours below freezing  (November -  February, 
224 hours) w as h igher than for previous or la te r  w in ters  (31). During the  
fall of 1939, the  temperature ranged from 7 0 .6 °  F, in  October to 5 6 .6 °  F. 
in December, while the average  amount of rainfa ll w as 3 .0  in c h e s .  The 
spring of 1940 had  a tem perature  range from January until M arch of
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4 1 .2 ° - 6 1 .4 °  F. and an average p rec ip ita tion  of 4 .7  in c h e s .
In the p resen t  f ie ld  te s t in g  program during the  co ld  and wet y ea r  
1957-1958, the va rie tie s  P .O .J .  213 and Co. 290 were found to be 
quite  su sce p t ib le  to Phytophthora, w hile  during the  following dry and 
mild year, they  were much le s s  su sce p t ib le  to the pa thogen . Since 
the  y ears  1929-1930 and to  a l e s s e r  e x ten t  1939-1940 were both ra the r  
co ld  and very w et, and b ecause  of the fac t that re la tiv e ly  high numbers.
Phytophthora cultures were recovered  from both th e s e  va rie tie s  during 
the spring of 1958, it is  suggested  th a t  Phytophthora seed  p iece  rot 
might have p layed  an important add itional role in the s tand  fa ilu res of 
the va rie ties  P .O .J .  213 and C o. 290 in  previous y e a r s .
In regard to the d is e a s e  epidem ics in the va rie ty  C .P .  36-13 in 
c e r ta in  areas  of the sugarcane  belt in the spring of 1947" and 1948, which 
re su l te d  in the f irs t  announcement of Phytophthora se ed  p iece  rot and the  
iden tif ica tion  of one of the Phytophthora i so la te s  as  P . e ry th ro se p t ic a , it  
i s  a ssum ed  from the p re sen t  inves tiga tion  that th is  fa ilu re  was due e n ­
t ire ly  to that s e e d  p iece ro t .  The average  tem perature for the months 
O ctober through December of 1946 ranged from 7 0 ,6 ° - 5 7 .2 °  F . ,  a c ­
com panied by 3 .8  inches of rainfall during tha t period  of t im e . The very 
low  average tem perature during the w inter of 1947, again  accom panied by 
e x c e s s iv e  amounts of ra in fa ll ,  undoubtedly in fluenced  the  severity  of the  
d i s e a s e .  Average tem peratures were near  a record  low for both February 
and March of 1948. These weather d a ta ,  together with the high number
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of Phytophthora cu ltu res  and few  red rot cu ltu res  i s o la te d  in th is  s tudy  
from seed  p ie c e s  during the spring  of 1958, in d ica te  th a t  Phytophthora 
ro t was en tire ly  re sp o n s ib le  for the  epidem ic in th is  va rie ty  during 
th o se  two y e a r s .
An in te re s t in g  ob serva tion  made in the p re s e n t  in v es tig a t io n  w as 
th e  fac t  th a t  the  se e d  p iec es  becam e in fec ted  more e a s i ly  through the 
nodal reg ions than through the c u t  ends of the  c a n e s ,  as would ord inarily  
be ex p ec te d ,  and which had  been  found to be the  c a s e  in p ineapp le  
d i s e a s e  and  b lack  ro t .  The occurrence  of th is  ncda l in fec tion  a t  the  ye t 
ungerm inated  root primordia and b u d s , is  therefore  an important fac to r  in 
th e  developm ent of Phytophthora se e d  p iece  ro t.  W hen cane  is  p lan ted  
in  the  fall of the y e a r  and co ld  w ea the r  s e ts  in ea r ly ,  accom panied  by 
h e av y  p rec ip ita tio n  w hich will keep  the so il  sa tu ra te d ,  Phytophthora 
s e e d  p iece  ro t can  becom e of much im portance , e s p e c ia l ly  to the  more 
su s c e p t ib le  v a r ie t ie s .  It is  fe l t  th a t  a lso  a cool w et spring  is important 
w ith  re s p e c t  to inducem ent of Phytophthora ro t .  A cool spring p revents  
th e  cane  from germ inating , bu t not the  d is e a s e  from occurring .
SUMMARY
In the p re sen t  in v es tig a t io n ,  a s tudy  was made of the  Phytophthora 
s e e d  p iece  ro t of sugarcane  in Louisiana and of the c a u sa l  organism  of 
the d i s e a s e .  Since one of the  sp e c ie s  of Phytophthora had  prev iously  
been id en tif ied  a s  P. e ry th rosep tica  P e th y b . , while the o ther more pa tho ­
genic  i so la te  had  never been d escr ibed  and id en tif ied , an  a ttem pt was 
made in  th is  study  to identify  th a t  v iru lent s p e c i e s .
Upon growing the unknown iso la te  on steriliz  ed oat grains and 
la te r  p lac ing  th e se  grains in  w ater, many sporangia  and oospores  were 
found to be produced by the fu n g u s . A com plete d e scr ip tio n  of th is  
i so la te  has been  given including  all m easurem ents and .o ther  c h a ra c te r ­
i s t ic s  of the fruiting s t ru c tu re s . After comparing a ll  the  morphological 
c h a ra c te r is t ic s  of the Phytophthora iso la te  with th o se  of severa l  type 
cu ltu res  of o ther Phytophthora s p e c i e s , and  after making additional com­
para tive  te s t s  of th e se  cu ltu res  in re sp e c t  to grow th-tem perature  r e la ­
t ion s  and  pa tho gen ic ity ,  the  v iru len t Phytophthora i so la te  from sugarcane  
is  iden tified  as  I?. megasperma D re c h s . This id en tif ica tion  has been 
confirmed by two au thorities  on the genus Phytophthora .
In order to study the  b a s ic  method of infec tion  of seed  p iec es  by 
Phytophthora , an experiment was se t  up in  which 2 -ey e d  seed  p ieces  of 
the v a r ie t ie s  N .C o .  310 and C .P .  36-13 were p lan ted  in s te r i l iz e d  so i l ,  
a r t i f ic ia l ly  in fes ted  with P. m egasperm a. These se e d  p ie c e s  were dug
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and exam ined at 2, 3, 5, 7 and  9 w eeks after p lan ting , and i t  was found 
ev iden t in the f irs t  exam ination that many of the root primordia and buds 
were red d isco lo red , sw ollen  and in fec ted  with Phytophthora . At the end 
of 9 w eek s , N .C o .  310 had 55 .5  per cen t  of its  root primordia and 7 0 .0  
per cen t  of i ts  buds in fec ted , while for C .P .  36 -1 3 , the pe rcen tag es  
were 6 7 .9  and 8 0 .0  re sp e c t iv e ly .  It w as a lso  observed  in th is  experi­
ment, th a t  none of the root primordia and buds, of se ed  p ie c e s  in in fes ted  
so il which had e sc a p e d  in fec tion  by the  pathogen, had germ inated , w hile  
the seed  p ieces  in  the n o n r in fes te d  so i l  had 7 0 .0 - 8 0 .0  per c e n t  bud 
germination and an abundant root sys tem  a t every node . From additional 
preliminary labora tory  s tu d ie s ,  i t  is  su g g es ted  th a t  a toxin i s  p o ss ib ly  
produced by the fungus, which inh ib its  the  germ ination p ro c e s s .
In order to study the ra te  of sp read  of Phytophthora in s id e  the cane  
t i s s u e ,  2 -eyed  se e d  p ieces  of the same two v a r ie t ie s  were inocu la ted  
with P_. m egasperm a. The se e d  p ieces  were p lan ted  in s te r i l iz e d  soil 
and were dug for exam ination at 10, 15, 20, 30 and 50 days a fte r  inocu­
la t io n .  Upon exam ination of the c a n e s ,  the typ ica l pink d isco lo ra tion  
and w a tersoaked  appearance of the t i s s u e  was observed , w hich  la te r  
turned purplish  in color, giving off an e th e r- l ik e  odor. The d is e a s e d  
portion of the internode reached  the nodal regions 20 days a f te r  ino cu la ­
tion , while a fte r  50 days the in tem ode had  almost en tire ly  de te r io ra ted . 




In a com parative su sce p tib i l i ty  experim ent, the  v a r ie t ie s  P .O .J .
213, C o . 290 and C .P .  36-13 were te s te d  in regard to  red rot and 
Phytophthora ro t.  It was found, as  had been  reported before, th a t  
C o . 290 was the  most su sce p t ib le  varie ty  to red ro t, w hile  C .P .  36-13 
re a c te d  w orst in re sp e c t  to Phytophthora ro t .  P .O .J .  213 was interm ediate  
be tw een the two v a r i e t i e s . The percen tage  bud germ ination of a ll  va rie ties  
w as observed  to be the low est when canes  were inocu la ted  with P_. 
tucum anensis  and p lan ted  in soil a r t i f ic ia l ly  in fes ted  with Phytophthora. 
N on-inocu la ted  seed  p ie c e s  p lan ted  in in fe s te d  soil had  a h igher per­
cen tag e  bud germ ination than tho se  only in ocu la ted  w ith the red  rot 
fungus, excep t for the varie ty  C .P .  36-13 , which in  turn a lso  gave the 
h ig h e s t  percen tage  of Phytophthora cu ltu res  from iso la t io n s  of d iseased  
nodes and in te m o d e s .
An ex tens iv e  va rie ta l  f ie ld  t e s t  was ca rr ied  out during the  winter 
and spring se a so n s  of 1957-1958 and 1958-1959, in which many past 
and p resen t commercial sugarcane v a rie tie s  and some u n re le a sed  te s t  
f ie ld  va rie tie s  were te s te d  under fie ld  conditions in regard  to th e ir  su s ­
cep t ib i l i ty  to Phytophthora seed  p iece  ro t.  The seed  p iec es  were dug and 
exam ined a t monthly in te rvals  during each  spring s e a s o n ,  in order to ob­
ta in  a percen tage  of d ise a s e d  in ternodes and of bud germ ination . Iso ­
la t io n s  were a lso  made of a ll d is e a s e d  nodes and in tem odes  which had 
n o t  been  de terio ra ted  too far . Two separa te  p lan tings of the varie tie s  
were made in the  fall of 1958, one of which was u sed  to make a stand coun t
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during th e  following spring .
From the d a ta  c o llec ted  during th is  two y ear  te s t in g  program, it 
may be concluded  th a t  the v a r ie t ie s  C .P .  28-19, C .P .  34-120 , C .P .  
36-13, C . P .  44 -154 , C .P .  5 3 -1 ,  C .P .  53-15 , C .P .  5 3 r 2 2 a n d O . P .
55-30 a re  quite su sc e p t ib le  to  Phytophthora se ed  p ie c e  rot, w h ile  the 
follow ing va rie tie s  w ere  co n s id ered  r e s is ta n t :  C o . 281, N .C o .  310,
C .P .  2 9 -116 , C .P .  43-47 , C . P .  44-101, C .P .  47-193 , C .P .  48-103 
and  C .P .  51-21.
During the sp r in g  of 1958 a survey was made in the L ou is ian a  su g a r­
can e  b e lt  to  check th e  p re sen c e  of Phytophthora rot in the com m ercially  
grown v a r i e t i e s . I t  w as o b se rv ed  that h igher p e rcen tag es  of Phytophthora 
were ob ta in ed  from s e e d  p ie c e s  p lan ted  from la te  Septem ber un til  
November than  from th o se  p la n te d  in August or early  Septem ber.
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